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Abstract 

Five thousand eight hundred fourteen trees were examined on 239 vegetation plots at Elk 
Island National Park, Alberta to test three hypotheses about beaver (Castor canadensis) 
food selection: (1) beavers select certain classes of woody vegetation, (2) selection 
increases with increasing distance from water, and (3) preferred classes of vegetation are 
those with highest nutrient levels. Large, young trees were selected over other classes of 
aspen poplar (Popu/us tremu/oides) whereas selection for balsam poplar (P. ba/sam/fera) 
was strongest for those with a high rate of radial growth. Beavers never selected in 
favor of birch (Betu/a papyrifera). All classes of balsam poplar and large, fast-growing 
aspen were preferred by beavers while small, slow-growing aspen poplar and birch 
growing more than 17 m from water were avoided. No selection for specific plant 
species could be detected within 10 m of shore, although beyond that distance there was 
a tendency for selection of balsam poplar to increase with distance from water. Beavers 
removed crowns and some branches from trees they cut down but except for a tendency 
for the range of sizes of aspen poplar cuttings removed to decrease with distance from 
shore, there were no obvious patterns of removal. Aspen and balsam poplar were high in 
most nutrients before and after storage in an artificial food cache. Alder had the highest 
protein levels whiie birch was low in all nutrients analyzed. Plant species selected most 
frequently were those highest in most nutrients; however, within plant species, selection 
for high concentrations of nutrients was not evident. Other factors, such as competition 
from other herbivores and energetic cost:benefit ratios may influence intraspecific 
selection. 

Beaver populations at Elk Island National Park (0.94 per km?) are among the highest 
reported in Canada. A high number of animals per colony, low reproductive rates, and 
colonization of previously abandoned colony sites suggest that beaver habitat is saturated. 
Rates of regeneration of preferred classes of trees do not appear adequate for long-term 


support of the current population density. 
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|. INTRODUCTION 

Beavers (Castor canadensis) feed on a variety of plant material including herbaceous 
aquatic and terrestrial vegetation and woody vegetation. During fall, they charac- 
teristically shift from a diet of predominantly herbaceous material to the almost exclusive 
use of wooay foods (Svendsen 1980a). Some trees cut down in fall are used immediately 
but others are transported to the vicinity of a lodge or bank burrow to serve as a cache of 
food when winter activity is restricted by ice cover. Since northern beavers are unable to 
forage for alternative foods in winter, it is crucial that the cache contain sufficient 
reserves of energy and nutrition to maintain the colony until the ice breaks up in spring. 

Adult beavers defend exclusive home ranges (Brenner 1967, Aleksiuk 1968). This 
allows the researcher to attribute foraging patterns and food caches to specific colonies. 

Beaver food preferences have been studied by many workers (Aldous 1938, Hiner 
1938, Shadle et a/. 1943, Stegeman 1954, Hall 1960, Brenner 1962, Novakowski 1967, 
Aleksiuk 1970, Northcott 1971, Jenkins 1975, Slough and Sadleir 1977, Jenkins 1979, 
Jenkins 1980). Most food habit studies have concentrated primarily on selection of 
species and many (Hall 1960, Northcott 1971, Slough and Sadleir 1977) have indicated 
that aspen poplar (Popu/us tremu/o/des) is used preferentially where it is available, while 
willow (Sa//x spp.) and alder (A/nus spp.) are important in the absence of aspen (Hall 
1960, Novakowski 1967, Northcott 197 1). 

Some workers have attempted to assess the effect of tree diameter on selection. 
Hall (1960) indicated that willow in the 5 cm class was selected preferentially while 
Stegeman (1954) reported a preference for aspen 2.5 cm in diameter. Jenkins (1980) 
reported that the size of felled trees diminished with distance from water. Chabreck 
(1958) briefly examined the effect of growth rate on selection. 

The nutritional regimen of foods used during winter was examined by Novakowski 
(1967). He assumed that small twigs were entirely consumed but subsequent studies by 
Aleksiuk (1970) indicated that this was not the case. Jenkins (1979) reported seasonal 
changes in preferred species. He postulated that they resulted from variations in nutri- 
tional stability between species of woody vegetation. 

Food selection by beavers in Massachusetts was studied by Jenkins (1975, 1978, 


1979, 1980). He reported that selection was affected by stem diameter in some genera 


wwindone S206 aon of share suomanetve! Sonneries yey 2 tai 6 ot Fpitie, 
deoeiecithleny ove titre coh tus geet sin. 2 ANOBET naeener2) aboot. woody te ae 
Neveridkare en etme oF rose Anwet 90 eho! « io yiinaly anv ce Gar agee | 
co-aldarurwiaireusddosernon’eome ravau a Sblatlen Tt nhvioe velniwipanargodt 
iesinitiye matnos stites aril tert Temas ah ‘ian ri gnheol ovina rot agsrot 

eR ge ti gy aeerd oo) gif itn ¢reiog art Deion) “bah one yonene Teaeyreeey 
SAT <BROr AcedslA. TAGE! torino. 4) tage) acs oindalba® ieee eveod hea 


deindiees hee of amides boot bra ainwerracycehto! MUdiia-ot wero lame ect awiie : 
ord4 BOE) GUOMIA arediow ynarerve Soibule Aad oul > sonepting. bce! wee a 
TSG) Gewomkyol S90h secnoG. GSE! Nar oe) mmantiste ene} \e mm sinetd (@66T ; 
2S aptieas NVOP neha orn Noucla 200! emnel .) 98i footie? OF8T FEA 7 
te noliseles fo: Vihar ig, SarMeyNeil. yer aeoule idg@aboot joo (OSB ornare. 
hersaterl evar VET, NolBE2une towel? 1 UO! tog irey; GeQtl Aub Yen Ste eaeeR 7 
enw eldatiavs at i overt lates 6165.3 beau a iat \O\\sctetyeyt sus TRIQGG Me yartt 7 
tam) c@qre 'o acrueds acd ni talons ee | oce zai) webb tte (oe alee WO 
(NET Noohttoy [aes de iodgvel CORT 
OioMeE ie WaTEID Ba to inertia ant “ennces oftalgnats ever PeMiow dre . 
wiiciny vilstinas lag peosiée caw 236i te> 2 ery ni walliw Jost Setiabe OST) Mer = 
eet arama. .slemaib nme €.5 cece ww! sonewtes 3s barode: (SES!) seriegare : 


seerdetd eiew mic eonstelh citiw bedamrnin conv beliet to esi2 aft ten) beroget. 
A0=alBe to eth) Bere to toehis off benimene yihend MES) 
(AWwnmeVol! Vd benirees ew iotniw OND bez shoo: To semiges lenourian gt 
yo aethoyeteaypeddue tid Sarryanon ylanttis orev ply! lame pari? Deerouess ah. Nan - 
lenoanse behoge? VET) enninel.. s26> Sct ion esyy airy teeth balgaihm OTST!) Adee 
“than Miaecaifaray mot! betlvess yatit fer! Setalaog BH 2eiceqe benplet mi eeprede 
ndligtepe» you hoasinage neeviad qiliders fnelt > 
BVGl STOt) nied, yd bemute zo etesutonazeM ni esvedd yo Murselne Oe _- 
reten emo Ni AMIEMHiD Mere yd Cotsstis 2ow Noliodes eM etoasyaM (ORBT eet 


but not in others (Jenkins 1975). However, most studies of beaver food habits have 
concentrated mainly on selection at the plant species level. Few workers have attempted 
to determine (1) whether beavers select woody vegetation in particular diameter or age 
classes and (2) the criteria governing any such selection. 

Foraging patterns of beaver in the southern boreal forest of central Alberta were 
examined. Specifically, the hypotheses tested were: 

1. beavers select particular species, sizes, and age classes of woody vegetation 
for use as winter food. 

2. selection of woody vegetation increases as beavers travel farther inland to 
obtain forage. 

3. preterred classes of vegetation are those containing highest concentrations of 
nutrients. Since overwinter storage in water may result in the leaching of 
nutrients, the effects of immersion were examined. 

The focus of the present study was to examine the overall foraging patterns of a 
large population of beavers in the southern boreal forest. Although site-specific (Jenkins 
1975) and temporal (Jenkins 1979) variations in foraging have been reported, | did not 


examine them in the present study. 
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Il. STUDY AREA 
The study was conducted at Elk Island National Park, a fenced area occupying 194 km’, in 
central Alberta, 35 km east of Edmonton (Fig. 1). The park is located in the Beaver Hills, a 
region of knob and kettle terrain characterized by large numbers of small lakes that 
provide habitat for beavers. 

A four-lane highway divides the park into the Main Park to the north and the 
Isolation Area to the south. Major aquatic features of the Main Park are Astotin and 
Tawayik Lakes while Flyingshot Lake is a dominant feature of the Isolation Area. 

The park is located at the southern fringe of the Mixedwood Section of the Boreal 
Forest Region (Rowe 1972). Aspen poplar and balsam poplar (Popu/us ba/lsam/fera), 
typical of upland sites and moist lowlands, respectively, are the dominant tree species. 
Birch (Betu/a papyrifera) occurs commonly in poplar forests or as small, pure stands. 
White spruce (P/cea g/auca) occurs infrequently in pure stands and occasionally in the 
understory of deciduous stands. However it is most common on islands in lakes. Larch 
(Lar/x /aricina) and black spruce (P. mar/ana) are sparsely distributed. 

Dominant shrubs include rose (Rosa acicu/aris), beaked hazel (Cory/us cornuta), 
raspberry (Rubus strigosus), and saskatoon (Ame/anchier a/nifo/ia). Willow, red osier 
dogwood (Cornus ste/onifera), and alder (A/nus tenu/fo//a) are less common. Sedge 
(Carex spp.) meadows are often associated with water bodies. 

The climate is typical of the central, cool, temperate zone with cold winters and 
short, cool summers (Longley 1967). January is the coldest month with a mean temper- 
ature of -16°C while July, the warmest month, has a mean temperature of 17°C. Annual 


snowfall averages 140 cm. Ice typically covers standing water from November until May. 
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Hl. METHODS 


A. Foraging Inventory 

Thirty-three locations within Elk Island National Park were examined to determine 
beaver foraging strategies. One location was undisturbed by beavers and 2 were recently 
abandoned colonies, established 1 to 19 years previously and recorded as active during 
the April 1981 aerial survey conducted by Parks Canada. The remaining 30 had active 
colonies. 

The colonies studied were selected because they had been occupied continuously 
over anumber of years according to aerial survey data provided by Parks Canada. Since 
aerial surveys were not conducted annually, | was unable to determine the precise age of 
colonies and they were therefore grouped into 4 age categories (Table 1). 

At each colony, plots 5 m wide, extending 30 m perpendicular from the water's 
edge were established at 25 m intervals along the shoreline. One plot was usually placed 
directly behind the beaver lodge. Generally, plots were placed on each side of the original 
until a plot in each direction from the lodge was established beyond the foraging range of 
the colony. The number of plots ranged from 3 to 14 (x=7.2) per colony. 

At each plot, bank height and slope were measured with a clinometer. Trees and 
shrubs were tallied if at least one-half of the trunk was within the plot and the basal 


diameter was greater than 2 cm. For each tree tallied, the following information was 


recorded: 
1. distance from open water 
2 species 
3 basal diameter 
4. age 
is cut by beavers or not 


Trees and shrubs less than 2 cm in diameter were not included because of the 
difficulty of distinguishing beaver from snowshoe hare (Lepus amer/canus) browsing in 
small size classes of shrubs. The distance of each tree from open water was measured 


to the nearest meter with a measuring tape oriented along the long axis of the plot. Plant 


| 
aviniaes ot Wernchs T190r ret snciTSy) prelate fartiive angissaol wot 
Vudeee).atew © Sas aisvesd YO Hecate aaw ™ IBS) an eaipmave cregsro? Yves 


pnt avitoe cf Sib iogaT Die devowsny 2 aay erro seeiretieladee EMIS eit - 


= 


= 


avila bent Ofspeuniana).enh ishutey 2 a9 TA epleub 1g? ane BINS rae ing 2 


>’ 230% Alls ie 


vila iinos bajusto Mean cA! yatlt seus ath petaaleg sew Selbute zsinciog eff 
Bone yaad S89 yd Heovor creh you wa le owe o. ab esog eeey tO rade aw 


pang 


. = - = Ts = pi 
pene deme74 ar? snirrratot Graidan zew'! Wicult's, Resabon ton stew ayewee 


() aria TV 2enaed eggs & oir TEMS Pisses siww yor ors aaron 
ts Mu a, 
2 wiewladl ino séiucianegaqian Of mnbrsice shiw i @2tolg, Yroies Hone the 
oe 


Beas Wishaw cevctalcy aD anfiiatoria st pndie clave ALS Temaetaeies sae 
of & © 

lerrpri snr | ii toa MY asses SteW clon «hadistiad Tabor naVvenc aes bravia vito 

49 eps? bese ot or? bear Cetizidsiee dau Soba! eli ror? nditneris rose rv rolge bi u 

wholes wad (S.S =k 4h! ate moi septa? Bolg to vaaitror aAT vaglos 

baw 2oerF Seyamovtila oi Qanueeert 9T3W aqala bre WIQGH dha Jele Hoee 1h | 

lazso att bes foic, ediitiriwrgay: HALA Sin 1G: Harbeno. ea te 4 Raith? etaw ad r 

SS. Oita driwotlo? sit bsiliey 56.7 Moke OF”. ot Sem ceraeD caw wee 

: ~6 a) : 

WSiBw aaa yo? Sree > 

emoede 

: TSlanMd 'eeed 

- 

Oe yar dru 


ib | ; ee 
mabpiiecbetioniin bine 
oe , 


>. La 


en fo saue3sd | bebulsen It 
7 “wz _ : 


7 7 


Py yeas BOS sateen 


> 


identification followed Budd (1979). Willows were identified to species unless extensive 
cutting precluded identification at that level. However, for analysis, all willows were 
included in a single category. Basal diameter was measured at a height of approximately 
0.5 m and age was determined by counting annual rings from an increment bore. Ages of 
poplars, however, often were not determined because of decay at the center of the 
trunk. Trees cut down by beavers were classified as fresh (cut within the last year) or old 
by the coloration of the stump. 

Diameters and ages of branches removed from felled trees were estimated by 
examining portions of them remaining on trees. The distance of terminal ends of trees 
from water also was recorded. Where foraging extended beyond the limit of the 
standard plot, the plot was extended to include it. 

An inventory of 239 plots and 5814 trees was undertaken by this method. 
Because old cuttings were unlikely to indicate current patterns of use, they were not 
included in data analyses. Therefore, the data used included information on 1006 aspen 
poplar, 1025 balsam poplar, 1347 birch, 106 willow and 62 alder. 

The location of each plot was recorded on a 1:25,000 airphoto mosaic. The 
mosaic was used to determine overwater distance from the lodge to each plot and the 
surface area of each waterbody. Because methods were changed slightly near the 
beginning of the study, data from three colonies sampled early were not included in data 


analyses. 


B. Necropsies 

Twenty beavers to be examined for tularemia (Franc/se//a tu/arens/s) and Giardia 
spp. were collected at Elk Island National Park from 30 April to 10 August 1982 by the 
Warden Service. They were weighed, measured (total length and tail length), sexed, and 
then necropsied to determine reproductive condition, age, composition of the stomach 
contents, and general health. 

Reproductive rates were determined by counting embryos or placental scars. Age 
was determined from the amount of root closure and number of annual cementum layers 
in the mandibular molars (Van Nostrand and Stephenson 1964). Stomach contents were 


measured volumetrically. The contents were then allowed to dry and a 1.5 g subsample 


= ye 


7 sevens sot asivege ay weitienabt Sen swe * (EXER) ave . - | 
aaa swolliw Je: seers 4 ampewnrt avai sa te. Hens afi liad doi ? 
diatemisatide tO tian te ted egw arenes leaati .wingeted oe = 1 See 


jo mnpe tod 7 niarnarahs rts ment apni suns gro » yd beaniritetae ads, age’ pam € m O 


ow sete even _areigag 


sip tO adietsc auT Ia yaueb jo savaged banermaion fer 

-_ 
evest ve er Ld 
. 
_ 


gio ho fesy fee! ari? nirttiw tua) Hp Ties Holieesio ge = 
quart to noticteparigd . 

zerlonead 10 adi One sigicenai) ’ 
_ 


yeh belariice Saw. s2a't telat. nov fevers) . 


+o ?) ‘ * =) : ‘ * 

286°? $6. 257e. lemfnat fo gonegiaib aftr 2eo0F Oo yririanes? mp ho ahem ory gy 
S - _ 

afr toa! ert (beoved nepnerxe Eye aT ery “Cap ose eae ode wiew mot 


i 
- = 
fh obit: of osboatan aay tok; er sole ROMED 


boron: ein! yd favs knw Saw seed b( EG dng 2totQ Qk 3 yroinevnt AA 8 - 


for seavi. Yard. ge tougeisting frets steno tut lalate eorurius He sé 328 


: ' en. 
neces. G06! fo Nodett IAA Wen bec) Ge) a Gwe tSsTsn aeeylenis atad “i Debuls w 


_ 


agiris Qa dria witlivead! f=vd TOE? jelqegrwalea GEO" aageg 
Sat giszotn etaddns GOO FL), & na bebecos> anvy tohy ross Jo notane elt: « 7 
ait bos tol4 ngs of cael St mot) dueatah taiaroo snitto oF hea ae " 2c 


or- Ger vial hepneroatew shorter sauce? -vrocstew ban 10 aoe 


dist n} Gebulon ton) S19w heron Mee teINC!Qo gay er) aa Yous? ed? Fe eo 


BIW EAR bee felenovel ii s\\anees4) & pi dea i Io) berets ac oO} 2ivene venwnet 


seu yo. SBEt tau Of ar fry GE mort Je ncaa candela te baroalles araw .Gqm 


— 


ois  bexae ‘ional list Sie rites \sfar) tie uasom barge sia yart sawed | ao 


_ —" afit to Noitigednion .495 Noone syitoumes: Smernigiah OF > e 


—_ - ‘flag lesgevei ts rf 
sh ‘prepa etneseie 0 soutdre prigewce yd Besimatod orev ¥ oa sv pauper 7 
cate oe Ge 8 cat worms 1 earl 


RITTS: i onp 
- Saas Peper cl aaa —~ he 
vi —T} a.) > a} 5 esiees iba a 
ee ‘nie ey 


re 


was examined. Because stomach contents were thoroughly masticated, an analysis of the 
species composition of ingested food was not conducted; instead stomach contents were 
examined to determine the weight of herbaceous material, wood, and bark within the 
sample. If materials were present in trace amounts, they were assigned a minimum weight 


Omoel Ge 


C. Food Cache Composition 

In October 1982, 24 food caches were sampled to determine species, ages, and 
diameters of constituent woody vegetation. Because access by boat to most locations 
sampled during the foraging inventory was poor, only 5 food caches examined were 
associated with those colonies. Twenty-one of the 24 food caches were on Astotin or 
Tawayik Lakes and the remainder were located on smaller ponds. 

At each food cache, 20 samples, each consisting of a single cutting, were 
removed. Because Slough (1978) reported that surficial materials differed from those in 
the remainder of food caches, 5 samples were taken from the surface of the water and 
the remaining 15 from below the surface by means of a grappling hook with a 90 cm 
shaft. Since most caches were established in less than 1 m of water, the length of the 
shaft was adequate to allow sampling to the bottom of all caches. For each sample 
removed, species, diameter at the point of cutting, age, and location in the cache (surface 


or subsurface) was recorded. 


D. Nutrient Analysis 

In November 1982, 86 paired samples of various species, sizes, and age classes 
of woody vegetation were collected from areas adjacent to beaver ponds sampled during 
the foraging inventory. Branches of various sizes were also collected from larger trees; 
however, because of the difficulty of obtaining adequate volumes of material for analysis 
from branches of a particular tree, ages of branches were not recorded. 

Bark was removed from one member of each pair and submitted to Alberta 
Agriculture Soil and Feed Testing Laboratory for an assessment of nutrient content. Com- 


ponents assayed included percent moisture, protein, calcium, phosphorus, and fibre. 
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The remaining member of each pair was wrapped in wire mesh, attached to a 
length of rope and placed in Astotin Lake to mimic the effects of storage in a winter food 
cache. 

Sixty-two (72%) of the samples in the artificial food cache were recovered in May 
1983. The loss of material was partially a result of vandalism; a rope used to moor the 
samples to a nearby island was removed during winter. There was also evidence that the 
artificial cache had been disturbed by beavers. The material recovered was subjected to 


the same analyses as the controls. 


E. Aerial Surveys 

Aerial surveys to determine the current status (active or abandoned) of colonies, as 
well as to locate occupied bank burrows were conducted in Elk Island National Park on 14 
and 15 November 1982. 

East-west transects spaced at 0.4 km intervals were flown in a Cessna 172 at an 
altitude of 150 m above ground level and an airspeed of 150 km per hr. Two observers 
seated on opposite sides of the aircraft plotted observations of beaver lodges and food 
caches on a 1:25,000 airphoto mosaic. Although weather conditions were gocd at the 
time of the survey, observability was considered to be only poor to fair because of light 


ice and snow cover which had formed a few days previously. 
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IV. RESULTS 


A. Abundance and Distribution of Beaver Colonies 

During the 1982 fall survey, the presence of food caches indicated that 182 
beaver colonies were active (Fig. 1). An additional 133 abandoned lodges were recorded. 
Eleven (17.5%) of 63 lodges, the locations of which were known precisely from summer 
field studies, were not recorded from the air, an indication that actual densities exceed 
recorded densities. Of 30 locations checked from the ground, 1 (3.3%) was erroneously 
identified as active. 

Seventeen (53%) of 32 colonies sampled during the summer foraging inventory 
were active in fall, 13 (41%) were inactive and the status of 2 (6%) not observed from the 
air was unknown. 

Overall, the density of beaver colonies at Elk Island National Park was 0.94 
colonies per km?. The Main Park, which has an area of 129.5 km?, contained 134 colonies 
(1.07 per km’) while the Isolation Area had a density of 0.74 colonies per km? (48 in 
64.8 km’). Thirty-five colonies were observed on the six largest lakes in the park, 
although most (18) were located on Astotin Lake. The region east of Astotin Lake was 
also an area of high density. Other concentrations of beaver were observed along the 


park boundary west of Tawayik Lake and near the south park boundary. 


B. Effects of Major Habitat Features 

Major habitat features used in the following analyses were mean and maximum 
browsing distance from water; mean overwater distance to foraging areas; mean bank 
height; mean bank slope; surface area of the water body; total basal area (cm’ of stem per 
m? of ground); density of woody stems (stems per m”); basal area and mean diameters of 
aspen poplar, balsam poplar, birch, and other species available within 30 m of water. 


Variables were tested for skewness and kurtosis and where necessary transformed. 


— - = 
7 : ee ? 
aeainclol \9¥ 390 30 noted wai trie 20 ah ° 


» cers j 
<6). tat hemgoior)enrica3 Deot to Sonseaig ef) ..yavue NG acetone gen ag - 


: = vy 
sO if 


wibes, (iA, Ab. gh) sintage yaw 26 


betnete7 aw eepre: bsnobrade fi" jaro : rath 
ccobar) gel £2 owes teal 
en Ht Yueaiserg Nyiord wISWw Hoty: “S 206 Set 23pbo on =- ninteeell 


besoks deilinriel lkutos fart novRaort 6 nie ae hones pn su, eels m 
yinwoerccts aaw i226) 1 bnvo art mot! ossaerio és Ssa0l 0610 aaheréb deste 
viniasidinal Bs : 

yicieaurl grigene? sens ati? privum Qalope commlga CS in (Wee) neahiavas 
ev mav bevwede ian Meo S480 Butate.st onasvlok) Saw Poe! ee) ave 
| rns am 


bB.o osw as lafioutne). orisia| NW te Bairndlos isvead to yNeneo ar ligrayQ 

. : 
saindles £6 t berieites (nec. 68) 'o e216 csesrirtortw obsinieM ai? ‘i eqam ‘o x9 
1 BEY oT vay Bsifialod 44. G.to. jerms & Dasa nostige "ae siitn Cmal Wap a. 
Atma amt rm eadal fone wh a2 srt no? bay RECO: Sev" Sai wOD svieyrnll Aas eed 
@ew aml nitotaA. te toes ooipe’ 3471. adc mich no Pstaacl maw 187) Sears fee 


@e Qnplé. taisado-siew *savead fo 2roifs doesn tarlrS, _ynerey gin Togs w on 08 


> ISRANOE SEG TMilioe art! Isan oe = tac P Ay SNe T) C zee vila 


osu 1804 igiigen Doyen Te an 
? 7 
aa TA Lat one BOM Sow seeyléne: giiwatio! set nb see eoeal detitier seyat _ 


wrati neeen aes CEI? CF SOMHISIO YoleyWisve oBeM :tslev mio edagising 
Taq mete fo mo) ce Seasd lst) yood w)awy ari to B80 Sete sero dened 
we 21siarnaib newer fre sat liszed (im 195 2rusi2) enaiis Ubdow fo \inerab 5 
hea to m ce rofiow Siislisus secede WHHVG One scr eed: maaie 
baemetecey em ateri’ bre clgotad bow sasnwe te nat be 7 


Effects on Colony Abandonment and Age 

A discriminant function analysis was used to compare habitat features of colonies 
that were active in fall 1982 with those that were inactive. None Bi the variables entered 
into the analysis had sufficient discriminating power to differentiate between the two 
groups (p>0.05). The results were similar when active and inactive age class 1 (less than 
3 yr old) colonies were compared (p>0.05), which suggests that areas supporting active 
beaver colonies are similar in habitat characteristics to areas that have been abandoned. 

Similarly, a discriminant function analysis indicated that no significant differences 


existed among habitats occupied by different age classes of beaver colonies (p>0.05). 


Effect on Foraging Patterns 

At each colony, mean and maximum foraging distance from shore was determined. 
These were used as dependent variables in stepwise multiple regression analyses with 
major habitat features as independent variables. 

Mean and maximum foraging distances were highly correlated (r=0.90), and the 
factors explaining them were similar (Table 2). However the regression equation for mean 
distance explained more of the variance (r?=0.80) than the equation for maximum foraging 
distance (r?=0.57). For both dependent variables, total basal area, a measure of the total 
amount of timber available within 30 m of water, had the greatest explanatory power. It 
explained 59% and 41% of the variance in mean distance and maximum distance, respec- 
tively. Basal area of birch explained 14% of the variance in both dependent variables. 
Both total basal area and the basal area of birch were negatively correlated with foraging 
distance, which indicates that beavers browsed farther inland in areas of low timber avail- 
ability. Stem density of shrubs was positively associated with mean foraging distance 
although the association was weak. This may result from the increased density of shade 


intolerant shrubs as the overstory of timber is depleted. 
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C. Selection of Woody Vegetation 

To examine patterns of selection, foraging was examined for each age class of 
beaver colony at four distance intervals: (1) 0 to 10 m from shore, (2) 11 to 20 m, (3) 21 
to 30 m, and (4) more than 30 m from shore. 

Within each distance interval, selection at the species level was tested (G-test) for 
goodness of fit. If departures from expected values were significant (pb<0.05), selection 
for each species was tested (G-test) for independence. The strength of selection was 
determined by calculating the forage ratio as modified by Jacobs (1974). The forage ratio 
measures selection from negative infinity to positive infinity and has the advantage of a 
symmetrical distribution. When the frequency of cutting did not depart significantly from 
expected values, species comprising less than one percent of the sample were dropped 
from the analysis. Silverberry (F/eagnus commutata), although comprising 1.3% of the 
vegetative samples, was found at a single beaver colony and was therefore aiso excluded 
from further analysis. 

A two-way analysis of variance was used to compare the basal diameter of cut and 
uncut trees of each species at each distance interval. Prior to these analyses, the vari- 
ances of cells in the model were compared by means of Bartlett's test of homogeneity of 
variances (Sokal and Rohlf 1981). Where variances were significantly different, the data 
were transformed. 

The relationship of the age of various tree species with cutting, basal diameter, and 
distance from open water was examined by means of a series of stepwise multiple 
regressions (Kleinbaum and Kupper 1978). Age (dependent variable) was regressed on 
diameter, distance from open water, the dummy variable cut, and the interaction terms, 


cut multiplied by diameter and cut multiplied by distance in the model: 


Y(age) = B, + B,(dia) + B,(dist) + B,(cut) + B,(dia x cut) + B.(dist x cut) 


If interaction was significant, indicating difference in slope, the equation was partitioned 
into two regression equations, one for cut and the other for uncut trees. If the inter- 
action terms were insignificant, significance in the dummy variable, cut, indicated a dif- 


ference in intercept. An analysis of covariance (ANOCOVA) was then used to detect 
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differences in age between cut and uncut trees. 


Shrubs 

Willow and alder were the only shrubs retained for data analysis. Statistically, 
there was little selection for or against alder, since its use was always proportional to its 
frequency of occurrence. 

Because of its sparse distribution, its use was not broken down by colony age 
class or distance from open water. The diameter of uncut alder (x=6.6 cm) did not differ 
significantly from the mean of 5.7 cm for those cut down by beavers (t=0.734, p=0.45). 
Similarly a multiple regression analysis indicated no difference in ages of cut and uncut 
alder (F=1.008, p=0.32). 

Willow was used preferentially only at age class 1 colonies. At distances of 11 to 
20 m from water, a forage ratio (FR) of 1.552 indicated strong selection for that genus 
(G=18.915, p=0.000). However, selection for certain diameter (t=0.898, p=0.40) and 
age-classes (F=0.014, p=0.91) was not evident. | 

There was a strong tendency for the use of willow and alder to decrease as colony 
age increased (G=13.448, p=0.001). At age class 1 colonies, beavers cut 35.8% (24 of 
67) of the willow and alder available. This decreased to 6.3% (4 of 63), 4.2% (1 of 24), 
and 0% (0 of 22) at age classes 2, 3, and 4 respectively. 

To determine if this pattern indicated selection for willow and alder or selection 
for diameter classes characteristic of those species, a 99% confidence interval was con- 
structed around the mean diameter of cut shrubs (3.7<x<6.7). The frequency of use of 
aspen poplar, balsam poplar, and birch within this range of diameters was then compared 
among the four colony age classes. Use of this diameter class in these species, which 
ranged from 9.3% to 13.8% of the trees available (G=2.485, p=0.35), remained fairly 
constant among colony age classes. The strong selection for willow in young colonies 
and the tendency for the use of shrubs to decrease with increasing colony age therefore 
appears to represent selection at the species level paier than selection for specific size 


classes of vegetation. 
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Aspen Poplar 

In general, beavers used aspen poplar in proportion to its availability in habitats 
adjacent to beaver colonies. Beavers in colony age classes 1 and 3 neither preferred nor 
avoided aspen (Table 3). A forage ratio of 0.709 indicated that beavers in age class 2 
colonies preferred aspen poplar growing 11 to 20 m from water while strongly avoiding 
that species when more than 30 m from shore (FR=-1.168). Beavers in age class 4 
colonies selected very strongly against aspen poplar growing 11 to 20 m from water 
(FR=-2.295) but selection was neutral at all other distances. 

At all except age class 4 colonies, basal diameter of aspen poplar varied with 
distance from water and at all colonies, those cut down were significantly larger than 
those left standing (p<0.05). However, two-way ANOVAs indicated that the two effects 
were not interrelated (Fig. 2). The difference in diameter was greatest in age class 2 
colonies (x cut=24.5, x uncut=13.7) and smallest in age class 3 colonies (x cut=24.9, 
x uncut=19.2). This may result from class 3 colonies having aspen of the greatest 
average diameter of any age class. Aspen of small diameter characterized sites occupied 
by class 1 and 4 colonies, which resulted in beavers cutting down relatively small size 
classes. In class 1 colonies, the average diameter of cut trees was 19.0 cm 
(x uncut= 12.4) while in class 4 colonies it was 19.3 cm (x uncut=10.5). There is a slight 
tendency for the difference between diameters of cut and uncut aspen to increase with 
distance from water in young colonies (classes 1 and 2) and to decrease with distance in 
old colonies. 

In class 1, 2, and 4 colonies, ages of trees cut down by beavers and those left 
standing differed significantly for any given diameter (Table 4). The difference tended to 
increase with increasing basal diameter. In age class 1 colonies, cut and uncut trees 2 cm 
in diameter were approximately nine years old. In the 20 cm class, uncut trees averaged 
four years older than trees of the same size felled by beavers. The age of aspen poplar in 
class 2 colonies was affected by distance from water. Age in both cut and uncut trees 
decreased an average of 0.18 years for each meter increase in distance from water. 
Uncut aspen poplars 2 cm in diameter were approximately 0.5 years older than cut trees 
of the same diameter whereas uncut 20 cm trees were approximately 5 years older than 


cut trees of the same diameter. The age of aspen poplar in age class 4 colonies was also 
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dependent on distance from shore. However in this case, age increased 0.30 years for 
each additional meter from water. Age class 4 colonies exhibited the greatest difference 
between the ages of trees felled by beavers and those left standing. In the 2 cm class, 
standing trees were about 1 year older than felled trees while in the 20 cm class this 
difference increased to 9.5 years. 

Therefore, where aspen poplar is concerned, there is little evidence that foraging 
patterns differ because of colony age or distance from shore. In all age classes, beavers 
tended to fell the largest trees available and select the youngest trees in any diameter 


class. 


Balsam Poplar 

The use of balsam poplar by beavers ranged from neutral to strong preference 
(Table 3). In no colony age class, did beavers select at the species level at distances less 
than 10 m from water. In classes 1, 2, and 4 the forage ratio indicated that the strength 
of selection in favor of balsam poplar increased with increasing distance from water. No 
selection for balsam poplar at age class 3 colonies was evident. 

The relationship between the basal diameter of balsam poplars felled by beavers 
and those left standing did not vary consistently with colony age (Fig. 3). At class 1 
colonies, a two-way ANOVA indicated that the diameter of cut balsam poplar was signif- 
icantly greater than that of uncut (x cut=19.2, x uncut=13.5). However the relationship 
did not vary significantly with distance from shore. In class 2 and 3 colonies, the rela- 
tionship between diameter of cut and uncut trees depended on distance from water. In 
class 2 colonies, the diameter of cut trees (kK=26.9) was slightly greater than that of uncut 
trees (x=22.8) less than 10 m from water whereas at distances of 11 to 20 m, standing 
balsam poplar trees (x=17.8) were considerably larger than trees cut down by beavers 
(x=10.7). At distances greater than 20 m, cut and uncut trees had similar diameters. 
Conversely, in age class 3 colonies, beavers cut down trees (x=27.3) much larger than 
those they left standing (k=19.1) 11 to 20 m from shore. At other distances the diameter 
of both groups was similar. 

Because none of the transformations stabilized cell variance, no two-way ANOVA 


was calculated for age class 4 colonies. Instead, a Kruskal-Wallis test was used to 
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explore the relationship between basal diameter and distance from shore. At each 
distance interval, a Mann-Whitney U test was used to determine whether diameters of 
felled and standing balsam poplar were significantly different. 

The Kruskal-Wallis test indicated that the diameter of balsam poplar, which ranged 
from an average of 13.1 cm at distances of 21 to 30 mto 17.7 cm at greater than 30 m, 
varied significantly with distance from water. However, diameters of trees felled by 
beavers did not differ significantly from those of standing trees at any distance from 
shore. Nevertheless, there was a slight tendency for cut trees to decrease in size relative 
to standing trees as distance from water increased (Fig. 3). Near water, the mean 
diameter of trees cut down was 19.0 cm compared to an average of 15.7 cm for uncut 
trees. (U,=799.5, U,=1234.5, p=0.141) whereas at distances of 21 to 30 m, cut trees 
tended to be smaller than those left standing (x cut=9.3, x uncut=13.4, U,=195.5, 
U,=231.5, p=0.083). 

Selection for ages of balsam poplar appeared to be related to the use of diameter 
classes. In age classes 1 and 3, where the size of cut trees generally exceeded that of 
uncut trees, there was little selection for age (Table 5). However, in classes 2 and 4, 
where standing trees tended to be larger, felled trees of any given diameter were younger 
than standing trees of the same diameter. In class 2 colonies, trees cut down by beavers 
were an average of 3.4 years younger than uncut trees of equal diameter (ANOCOVA) 
while at class 4 colonies the difference in age increased with increasing diameter. Balsam 
poplar 2 cm in diameter cut by beavers was an average of 0.5 years younger than uncut 
2 cm balsam poplar whereas cut 20 cm trees were approximately 4.6 years younger than 
uncut trees of the same diameter. 

Except for a tendency for beavers to select more strongly in favor of balsam 
poplar as distance from shore increased, there were no evident patterns of selection that 
could be related to distance from shore or colony age. Selection for diameter and age 
was related, with beavers selecting in favor of young trees where those of small diameter 


were taken. 
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Birch 

Beavers always either used birch in proportion to its availability or selected against 
it (Table 3). In all colony age classes, the use of birch was proportional to its availability 
within 10 m of shore. Beavers in class 1 and 2 colonies strongly avoided birch beyond 
that distance while in older colonies (classes 3 and 4), avoidance was not evident up to 
21m from the water's edge. 

There is little indication of a consistent pattern of selection based on tree diameter. 
The ANOVAs indicated that in class 1 and 4 colonies, the relationship between cut and 
standing trees varied with distance from shore (Fig. 4), although the patterns were differ- 
ent. In age class 1 colonies, diameters of cut and uncut trees were similar from 0 to 10 m 
from water. Between 11 and 20 m, the mean diameter (10.9 cm) of trees felled by 
beavers greatly exceeded the mean (3.0 cm) of those left standing. This difference 
declined beyond 20 m, although the diameter of cut birch (x=7.5) was still substantially 
greater than that of those not cut (x=3.5). In class 4 colonies, the diameter of birch used 
by beavers (x=3.5) was smaller than that of uncut birch (x=6.5) near the water, approx- 
imately the same at 11 to 20 m, and larger (x cut=6.6, x uncut=4.9) beyond 20 m. In the 
remaining colony age classes, the diameter of cut and uncut trees was not significantly 
different. 

Selection for diameter class was associated with selection for age in birch trees. 
In class 2 and 3 colonies, there was no evident selection for either diameter or age classes 
of birch. However, in class 1 and 4 colonies younger trees were selected (Table 6). In 
class 1 colonies, the age difference between trees cut down and uncut trees varied with 
diameter; cut trees 2 cm in diameter were an average of 2.8 years older than uncut trees 
of the same size, while standing birch 10 cm in diameter was about 4.8 years older than 
cut 10 cm birch. At class 4 colonies, cut birch 2 cm in diameter was 4.2 years younger 
than those left standing while in the 10 cm class, cut trees were about one year older than 


uncut trees. 
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Overall patterns of selection 

In the three trees species considered, selection for age was associated with selec- 
tion for diameter. Large diameter and young age characterized aspen poplar cut down by 
beavers. For balsam poplar, selection for age was not evident where beavers cut down 
large trees; where cut trees were small, beavers tended to use young trees in any dia- 
meter class. Selection for age in birch was also associated with selection for size, 
although in this case, young trees were selected where there was selection for certain 
diameter classes. Overall, balsam poplar was most strongly selected while birch was 
avoided. The use of aspen poplar generally reflected its availability. 

However, except for a tendency for beavers to become more selective for balsam 
poplar as distance from water increased and the absence of selection at the plant species 
level within 10 m of water, there were no obvious patterns of selection that could be 
related to colony age or distance from shore. Therefore, all colony age classes were 
combined in the remaining analyses. 

The relationship between the proportion of trees cut down in each one meter 
interval and distance from water for the three principal tree species was explored with 
stepwise polynomial regressions. Proportions were transformed by the angular methoa. 

The regression equations indicated that cutting patterns in aspen and balsam poplar 
were similar while those of birch were somewhat different (Fig 5). The equation for 
aspen poplar provided a moderate explanation of the distribution of the data (r?=0.39). In 
general, the proportion of cut trees remained constant at about 32% over the 8 m nearest 
the water and thereafter declined, reaching 0% at 33 m. The equation for balsam poplar 
explained only 20% of the variance (r?=0.20). It indicated that about 29% of the available 
balsam poplar are cut down by beavers in the first 16 m. After 16m, the proportion of 
trees cut down declines rapidly to 0% at 33m. Distance from water explained 65% of the 
proportion of birch used by beavers (r?=0.65). In this case, 50% of the trees available 
near the water were cut down. The proportion of cut trees declined rapidly with dis- 
tance, reaching 0% at 29 m. 

To determine how beavers selected among classes of woody vegetation, the vari- 
ables diameter, age, growth rate, and distance from shore were entered into a discrim- 


inant function analysis to identify characteristics of cut and uncut trees. Significant 


ae at eet Ham aj 3 id 

ante 07 ienenion Vine vemSbenir oelbusn sod q) sna wot noite 4 
maine dwt snctize ae she art areiiy Seelaes en ile 
are rare Stipe terrales wighors Jeom Bon" wish nae, 

(eto iads oti beristiei {ib isioos a ST iasumsail pore 
edie Yai. Avil je!s2 Scr Sthowed ot esisad 1? LAN om seveawor 
eeideae. Inga s/f fa podasié2 Fo qansecs er Bde Sequanan b sous ro dang 26 iQ 
20 Whee opr ndWwedied! tc. atramag avorde ta oysiiafi tom oT cntias dana 
awe? tyzths eos ncies te atolewant Siw tioas. Sopangibrte ape. "{nolad ahaa 

| 7 Bayley palsies ort a oars | 

Glare ena Adaaon! (woo mo ses to fioitoqorg ast wagwrad aldznoitsiay st - 
itis beNcions 28is aornegr ee, /Saisnr; Bet) der Ig katy Mgt aghat fai ee doesnt 7 
Doron IsivpAs sHtl YapsnTiotargy S14 anes qOnt: adoiasayee) smadyloq eainane: 

‘tloog madiad One nsqes Mh aA eT4n gods Ish bateoibnr éncifevos AOizeswet at — 
vot nateucd Sit | AS gr ina) tg callryagyp 2 Siayv Vo%d lo aud? slaw neinnes sew 
mh iE QS'y étnbieiit 70 moti toile ait re siooeyeqys oa Sosa fe el Y SE wi gnnineRem 
jabidan nf G edf 1910 #8 Mund te fatznaa Fenner LaseT halo Peles ens | wit eee 
Taigod Meztid to! Acitsupe mil nm hel 120 DELI), erityan ° orto re Nala 
eldatiavn 2 tts «Cs tuods tartt bate om? (0S. 0="jesnshay st to aPt Vine Qeamahepee « 
to ngiteqeny Sritier a! GaPA .) Ql taf ort nlc ravesc yd nw jue ae igen mimied 
ait 1o SCO honcigks TB migT BOOM uN CE 36 oOo Yilige) 2amiocy Pivok na ame 
aideliave sex! get to D4 seks ay mt 129,0=4) arevasd Wd Sea risud, te. 


Y 


S 


— 


“ai Htiw Yor} Rectiogk é$451 Us to. novzcgmia erih web 1 say Sw 

1 2S t3 AG axtieteme@ 2 
“new arir nisital ape yhogw Ya sesesio proms batialge e1sisad worl atime oF 
smyth) &. Oto boreine Baw Sidra mei paratell brs fi Aven) ape 78 
Mwsitingi?’ zee Yuorat bas tua. to Ssiiel winmrerts aes ay 


le 


variables were then used to classify trees into groups which were tested to determine if 
the frequency of cutting was proportional to the frequency of occurrence. Forage ratios 
were calculated where significant departures from randomness occurred. 

The discriminant function analysis indicated that age and basal diameter were the 
best discriminators of cut and uncut aspen poplar (Table 7). Beavers tended to cut down 
trees that were both large and young. On the basis of those variables, the analysis 
correctly classified 70.6% of cut and uncut aspen poplar. The only discriminating variable 
derived for balsam poplar was growth rate, which was greater for cut than uncut trees. 
However, the ability of the function to classify balsam poplar correctly was weak (59.0% 
correctly classified). The significant discriminating variables for birch were growth rate 
and distance from water. Again, beavers tended to cut down fast-growing trees and 
those they cut were closer to water than those they left standing. These variables 
correctly classified 74.1% of cut and uncut birch. 

Trees were generally separated into categories based on the discriminating vari- 
ables derived from the analysis. However, because of the large diameter of felled aspen 
poplar, very few trees could be classified as both large and young. Therefore, since 
previous analyses showed that beavers cut down the fastest-growing trees in any 
diameter class, growth rate instead of age was used to separate aspen poplar into groups. 
The midpoint between the mean of cut and uncut trees was used as the point of 
separation. Therefore, four classes of aspen poplar were recognized: 

1. basal diameter greater than 15 cm and annual growth less than 0.39 cm. 
2. basal diameter greater than 15 cm and annual growth 0.39 cm or more. 
3. basal diameter less than 15 cm and annual growth less than 0.39 cm. 
4. basal diameter less than 15 cm and annual growth 0.39 cm or more. 
Similarly, four classes of birch were recognized: 
1. annual growth less than 0.30 cm and distance from water 17 mor less. 
2. annual growth less than 0.30 cm and distance from water greater than 17 m. 
3. annual growth 0.30 cm or more and distance from water 17 mor less. 
4. — annual growth 0.30 cm or more and distance from water more than 17 m. 
In balsam poplar only two classes were recognized; those with annual growth of more 


than 0.42 cm and those with annual growth of less than 0.42 cm. 
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The forage ratio indicated that beavers preferred three classes of trees (Fig. 6). 
Fast-growing balsam poplar (G=87.086, p=0.000, FR=0.938) had the highest preference 
rating followed by large, fast-growing aspen poplar (G=16.481, p=0.000, FR=0.616) and 
slow-growing balsam poplar (G=18.236, p=0.000, FR=0.432). An additional three 
classes were avoided by beavers. Slow-growing birch, more than 17 m from water was 
avoided most strongly (G=124.394, p=0.000, FR=-2.020) followed by fast-growing 
birch at the same distance (G=39.411, p=0.000, FR=-1.235). Beavers also selected 
against small diameter, slow-growing aspen poplar (G=22.183, p=0.000, FR=-0.845). 
Selection for the remaining four classes was not statistically significant (p>O.05). 

Since basal diameter appears to be an important factor in the selection of aspen 
poplar, the effect of the relative diameter of aspen and balsam poplar on selection was 
tested by means of a Spearman's rank order coefficient. Because there was no selection 
for species within 10 m of water and beavers cut down few trees more than 30 m from 
water, those distance intervals were omitted from the analysis. The results indicated that 
selection for balsam over aspen poplar was weak where basal diameters of aspen were 
greater than those of balsam poplar. Where aspen poplars were smaller than balsam, 
balsam poplar was selected preferentially (r=O0.87, p=0.010). 

A similar test was performed to determine if relative selection for aspen and 
balsam poplar was affected by the relative density of the two species. With all colony 
age classes and the previous distance intervals included, the relationship between selec- 
tion and relative density of aspen and balsam poplar was weak (r=0.18). However, if 
three areas where basal diameter of aspen poplar greatly exceeded that of balsam poplar 
are excluded from the analysis, the correlation between relative density and relative selec- 
tion increases dramatically (r=0.98, p=0.060). The strength of selection for the two 
species is most similar where densities are almost equal and increases in favor of balsam 
poplar as density of balsam poplar increases in relation to that of aspen poplar. 

It therefore appears that relative diameter and relative density were two major 
factors governing the selection of aspen and balsam poplar by beavers. Although balsam 
poplar was almost always the principal species selected, the availability of large diameter 
aspen poplar weakened the strength of this selection. The second factor, relative den- 


sity, does not appear to exert much effect on selection where the diameter of aspen was 
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greater than that of balsam poplar. In remaining areas, selection for balsam poplar over 


aspen poplar depended on their relative abundances. 


D. Use of Cuttings 

Although large trees felled by beaver were usually not entirely removed from 
cutting sites, bark on the trunk was often eaten and branches were removed. Balsam 
poplar was the principal material removed from cutting sites by beavers, constituting 
48.6% (500) of all freshly-cut removals while aspen poplar was second with 37.3% (383). 
Birch, alder, and willow represented 9.9% (102), 1.6% (16), and 1.4% (14) respectively. 


Other shrub species made up 1.3% (13) of the material removed by beavers. 


Patterns of Removal 

Patterns of removal were examined for aspen and balsam poplar. Other woody 
plant species were not included since most were of small enough diameter that entire 
plants were removed; for example, 98 of 102 (96.1%) birch trees were completely 
removed from cutting sites. Therefore patterns of removal were very similar to patterns 
of selection in species other than aspen and balsam poplar. 

Beavers generally removed the crown and some branches from large trees they 
felled. The crown represented the largest part removed from the site and was usually cut 
where the diameter of the trunk was about 13 cm. Any branches removed tended to be 
much smaller and averaged 4.6 and 4.9 cm in diameter in aspen and balsam poplar, 
respectively. The relationship of each of these two categories of material with distance 
from water was examined separately and in combination with that of trees which had been 
entirely removed to determine if an overall pattern of removal existed. 

Stepwise polynomial regressions were used to explore the relationship of dia- 
meter, age, and growth rate (cm/yr) to distance from water for material which had been 
removed from shore by beavers. Similar analyses were conducted on the variance of dia- 
meters, ages, and growth rates at each one meter interval from shore to determine if the 
ranges over which they were selected varied with distance from water. The results are 


reported only if p<0.05 andr?>0.10. 
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The regression analyses indicated that, in general, there was little relationship 
between distance from open water and pattern of removal. Only the regression including 
the variance in diameter of all aspen poplar removed from cutting sites was significant. It 
indicated that there was a tendency for the size range of these materials to decrease 
exponentially with distance (Fig. 7). It therefore appears that while the mean diameter of 
aspen poplar removed by beavers does not vary substantially with distance from water, 
there is a tendency for beavers to select more specifically for certain diameter classes as 


distance from water increases. 


Disposition of Cuttings 

Woody materials cut by beavers can be used either in construction of dams and 
lodges or as asource of food. At Elk Island National Park, many waterbodies occupied by 
beavers have not been dammed and construction materials are used principally for lodge 
contruction. Recently constructed beaver lodges were smaller than old lodges and 
consisted mainly of unpeeled woody material about 3 cm in diameter. The material used 
for construction appeared to reflect the occurrence of species of that size on the shore 
adjacent to new beaver lodges. Older lodges were made primarily of wood from which 
bark had been peeled, likely remains of previous food caches. Overall, barked wood was 
the most important construction material. Of 227 pieces of wood collected randomly 
from 11 lodges, 170 (74.9%) were barked, while unpeeled material consisted of 21 
poplar (9.3%), 14 willow (6.2%), 13 birch (5.7%), and 6 alder (2.6%). Three items (1.3%) 
consisted of other woody plant species. Since bark is used as food, the high proportion 
of peeled wood found in lodges indicates that woody material was selected primarily as 
winter food. 

Surveys of 24 winter food caches indicated that the species composition and dia- 
meter of woody vegetation in food caches did not accurately reflect those of cuttings 
observed during the foraging inventory (Table 8). Some of the difference was a result of 
not collecting data on material less than 2 cm in diameter during the foraging inventory but 
even if only food cache items 2 cm in diameter or greater are considered, the size of 
materials found in food caches is smaller than that of cuttings observed along the shore. 


The difference is greatest for balsam poplar where the average size removed from shore 
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(x=7.4 cm) is almost twice as large as that found in food caches (x=3.8, t=11.675, 
p=0.000). Similarly, birch removed from shore averaged 5.9 cm at the point of cutting 
whereas in food caches the average diameter was 4.5 cm (t=2.607, p=0.010). Alder 
removed from shore (x=5.8 cm) was also larger than that found in food caches (x=4.0, 
t=2.005, p=0.052). The diameter of both aspen poplar (t=1.348, p=0.19) and willow 
(t=0.587, p=0.57) was about the same for cuttings on shore and those in food caches. 

Slough (1978) noted that the species composition of surficial materials differed 
from that in the remainder of food caches. At Elk Island National Park, species compo- 
sition and size of woody material varied with layer. Balsam poplar was found primarily in 
subsurface layers where it constituted 33% compared with 23% of surface layers 
(G=3.337, p=0.072). The average diameter of 5.2 cm for balsam poplar in surface layers 
was significantly greater than the 2.9 cm diameter of subsurface balsam poplar (t=3.216, 
p=0.007). Similarly, hazel, which made up 12% of subsurface layers and 4% of surface 
layers, was principally a subsurface constituent of food caches (G=5.165, p=0.024). 

Peeled wood was the predominant material in surface layers of food caches. It 
accounted for 25% of surface layers and only 8% of subsurface layers (G=12.521, 
p=0.000). Alder was typically a surficial material (19% surface and 7% subsurface, 
G=9.703, p=0.003) and tended to be larger on the surface (x=4.2 cm) than in the 
remainder of food caches (x=2.6 cm, t=1.933, p=0.066). Dogwood also occurred 
significantly more often (9%) on surface than in subsurface layers (3%, G=5.882, 
p=0.018). 

Aspen poplar, willow, birch, and rose occurred in approximately equal proportions 
throughout food caches. However, except for rose, items at the surface tended to be 
larger in diameter than those in subsurface layers. These differences were statistically 
significant for willow (x surf=3.7 cm, x subs=2.5 cm, t=2.391, p=0.002) and birch 
(x surf=5.3 cm, x subs=3.2 cm, t=2.557, p=0.015). For aspen poplar, the difference 
(x surf=6.5 cm, x subs=4.6 cm) was substantial, although statistically insignificant 


(t= 1.893, p=0.066). 
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Importance of Food Cache Materials 

Novakowski (1967) reported that beavers completely consumed twigs less than 
2.5 cm in diameter but Aleksiuk (1970) indicated that wood was not eaten by beavers. At 
Elk Island National Park, wood is consumed only in small amounts. 

During field studies, 39 locations where beavers had fed were examined to 
determine the minimum diameter of peeled twigs. Peeled twigs less than 2.5 cm in dia- 
meter were found at 37 feeding areas with minimum diameters of 2 mm observed. A 
survey of growing twigs indicated that the minimum diameter for a live branch is 2 to 
3mm which strongly suggests that beaver do not intentionally consume even small twigs. 

Contents of beaver stomachs were examined to determine the proportion of bark 
and wood ingested (Table 9). Although materials such as graminoids and leaves were the 
principal components of stomach contents, bark made up 17% of the contents, almost 
three times the 6% of wood (t=2.341, p=0.033). Wood accounted for a maximum of 
20% of the stomach contents, which indicates that its ingestion is largely accidental and 
occurs while cutting down trees or feeding on bark and leaves. Conversely, bark consti- 
tuted up to 81% of the stomach contents indicating that it is used as food. | 

To determine the relative importance of food cache materials, each item was 
assumed to be an open-ended cylinder 1 m in length with a diameter equal to the diameter 
at the point of cutting. The total surface area of each species was then estimated as an 
indicator of the amount of bark provided by each plant species. This method conserv- 
atively estimates the importance of large items, which often are longer than 1 m in length 
and usually have auxiliary branchlets, and liberally estimates small items less than 1 m in 
length. 

This procedure indicated that, in terms of food stored in food caches, balsam 
poplar, which provided about 33% of the available bark, was the most important plant 
species. It was followed by aspen poplar with 23%. Willow, birch, and alder made up 
14%, 13%, and 10%, respectively. Although hazel represented 10% of the items in food 
caches, it provided only about 4% of the available bark. Other plant species provided 


about 3% of the total bark. 
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E. Nutrient Composition of Woody Vegetation 

Alberta Agriculture Soil and Feed Testing Laboratories presented results of the 
nutrient analysis as percent composition by weight. The results indicated that the 
percentage of fibre increased substantially after overwinter immersion in water. Since 
fibre content is unlikely to be altered by this treatment (M. Micko pers com), the change 
probably resulted from leaching of water-soluble compounds from samples. Thus, 
nutrient concentrations in spring samples represented the fraction of material that 
remained after leaching. Therefore, using fibre as a reference point, nutrient concen- 
trations were recalculated to determine the amount of fall sample that remained by spring. 

The amount of material not analyzed (unspecified) was calculated by subtracting 
assayed components from 100 g of fall sample and standardizing for the spring sample. 
Water content of spring samples was high as a result of lake water replacing other 
components. Therefore, estimates of loss of material from leaching assumed that a 
standardized fraction of the original moisture content remained. Because results are 
expressed as a proportion of a 100 g sample, data were transformed by the angular 


method. 


Nutrient Composition of Typical Food Cache Materials 

To compare nutrient composition between species of forage, all items between 2 
and 5 cm in diameter, a size range typical of that found in food caches, were entered into 
an analysis of variance. Each component was examined both before and after overwinter 
immersion in water. Significant (p<0.05) analyses of variance were tested with Scheffe's 


method to locate specific differences. 


Protein 


An analysis of variance (F=4.55, p=0.003) indicated significant differences in fall protein 
content among species (Fig. 8). Alder, which had the highest protein content 
(6.5 g/ 100 g sample), had significantly higher levels than aspen poplar (4.8 g), balsam 
poplar (4.7 g), and birch (4.1 g). Beaked willow (Sa//x bebb/ana) and diamond willow (S. 


disco/or) were second in protein content. 
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By spring, beaked willow (3.5 g) and diamond willow (2.6 g) ranked fifth and sixth, 
repectively, in protein content (ANOVA F=2.81, p=0.028), significantly lower than alder 
(4.9 g) and aspen poplar (4.6 g). Aspen poplar and balsam poplar, which had ranked 
fourth and fifth in protein during fall, had risen to second and third, respectively, by 


spring. 
Calcium 


Fall levels of calcium were significantly lower in birch (0.53 g) than in other species 
(F=13.20, p=0.000). Balsam poplar (1.58 g) and aspen poplar (1.36 g) tended to have 
greater concentrations of calcium than willow and alder (p>0O.05). By spring, calcium 
content in all species had declined substantially. Balsam poplar (1.34 g) retained the most 
calcium, followed by aspen poplar (0.98 g). However, only the difference between birch 


(0.62 g) and balsam poplar was statistically significant (F=3.25, p=0.015). 
Phosphorus 


Phosphorus levels did not differ significantly among species during fall (F=1.05, p=0.42) 
or spring (F=2.26, p=0.069). The highest fall levels of phosphorus (0.091 g) were found 
in balsam poplar and beaked willow. In spring, the phosphorus content of balsam poplar 
(0.056 g) remained highest of the six species analyzed while aspen poplar (0.054 g) rose 
from fifth to second. Beaked willow and diamond willow dropped from first and third to 


third and sixth repectively. 
Unspecified 


During fall, birch had significantly less unspecified material (34.0 g) than other species 
(F=50.44, p=0.000). Conversely, aspen poplar (60.6 g) and balsam poplar (58.6 g) had 
significantly greater amounts of unspecified material than other species with the exception 


of diamond willow (55.9 g) which ranked third. 
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By spring, balsam poplar (40.8 g) had significantly more unspecified material than 
any species other than aspen poplar (87.2 g). Levels of unspecified material in aspen 
poplar differed significantly from those of beaked willow (30.9 g), birch (30.4 g), and 
diamond willow (26.6 g), which ranked sixth (F=12.00, p=0.000). Alder (34.3 g) 


contained significantly greater amounts of unspecified material than diamond willow. 


Fibre 


The concentration of fibre (Fig. 9) was significantly higher for birch (67.2 g) than any other 
species (F=57.88, p=0.000) while aspen poplar (28.2 g) was significantly lower in fibre 
than any species except balsam poplar (30.6 g). Fibre contents of alder (37.8 g) and 


beaked willow (34.4 g) were significantly greater than that of balsam poplar. 


Leaching 


Leaching was significantly lower for birch (3.6 g) than for any other species (F=18.66, 
p=0.000). Balsam poplar (17.0 g) had the second lowest rate of leaching while diamond 


willow (30.1 g) had the highest. 


Relative /mportance of woody p/ant species 


A logical foraging strategy may be to attempt to maximize the amounts of protein, 
calcium, and phosphorus in food caches while minimizing the rate of leaching and amount 
of fibre. In such a strategy, balsam poplar appears to be a superior food cache material 
(Table 10). In both fall and spring, it ranked among the top two for all nutrients except 
protein. It also had the second lowest rate of leaching and fibre content. Similarly, aspen 
poplar ranked high in calcium content during fall and spring. In fall, it was relatively low in 
protein and phosphorus but by spring, ranked second in those nutrients. Aspen poplar 
had the lowest fibre content of any species analyzed, but was characterized by a high rate 


of leaching. 
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Willows were high in protein and contained moderate amounts of most other 
nutrients during fall but high leaching rates resulted in low levels of most nutrients by 
spring. In particular, diamond willow, which had the highest leaching rate, had the lowest 
concentrations of protein and phosphorus by spring. 

Birch had a lower rate of leaching than any species examined; however, in fall, it 
had very low levels of nutrients and had the highest concentration of fibre. By spring, 
nutrient levels had risen slightly relative to other species but remained among the lowest 
observed. Alder, which was characterized by the greatest protein content both before 


and after immersion in water, contained moderate amounts of most other nutrients. 


Factors Affecting Nutrient Composition 
Characteristics of individual plants from which bark samples were taken were used 
to assess factors affecting nutrient levels within a species. Characteristics entered into 
the analyses included: 
1. Distance of the tree from water. 
2 Diameter of the main tree trunk. 
3. Age of the main tree trunk. 
4 Growth rate of the main tree trunk. 
a) Diameter of the branch sampled. 
6. Whether immersed in water or not. 
The relationships of these characteristics to nutrient levels in the main tree trunk were also 
examined. Since the diameter of willow entered into the analysis ranged only from 2 to 
5 cm, diameters of the main trunk and branches were not included in analyses for that 
genus. 
Stepwise multiple regression analysis was used to determine the effect of plant 
characteristics on nutrient levels. Plant characteristics were included in analyses only if 
p<0.05. Generally, plant characteristics provided a good explanation of the nutrient 


content. 
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Aspen Poplar 


The independent variables explained between 62% and 91% of the variance in nutrient 
concentrations but were not significantly associated with the amount of leaching or fibre 
content in aspen poplar branches. They also accounted for 55% and 91% of the 
phosphorus and fibre levels, respectively, in trunks. 

Distance of the tree from water appeared to have the greatest association with the 
nutrient regimen of aspen poplar. This variable was directly related to protein and calcium 
concentrations in branches and explained 14% (F=5.02, p=0.008, r?=0.14) and 32% 
(F=3.96, p=0.021, r?=0.32), respectively, of the variance in the two. It was also nega- 
tively associated with fibre content of the trunk and explained 70% of the variance in that 
variable (F=20.61, p=0.005, r?=0.70). 

Diameter of the trunk was the major factor affecting protein content of branches 
(F=58.37, p=0.000, r?=0.56). It also exerted a considerable effect on phosphorus levels 
in branches (F=32.49, p=0.000, r?=0.28). In both cases, the tendency was for nutrient 
content to decrease as diameter increased. 

A third factor, branch diameter, was weakly and negatively associated with protein 
(F=5.38, p=0.006, r?=0.05), calcium (F=8.24, p=0.001, r?=0.11), and phosphorus levels 
(F=5.62, p=0.014, r?=0.06). The age of the trunk was positively associated with its fibre 
content (F=12.53, p=0.012, r?=0.22). Levels of protein, calcium, phosphorus, and 
unspecified material in branches and levels of phosphorus in branches and trunks of aspen 


declined significantly after overwinter immersion in water (p<0.05). 


Balsam Popl/ar 


Independent variables explained from 45% to 95% of the variance in nutrient composition 
of balsam poplar branches. As well, they accounted for 65% of the variance in fibre 
content and 98% of the variance in the amount of leached material. 

The age of the trunk was the principal factor influencing most of the criteria 
examined. Increasing the age of trunks resulted in lower protein (F=28.41, p=0.000, 


r2=0.64), calcium (F=18.92, p=0.000, r?=0.52), and phosphorus levels (F=24.60, 
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p=0.000, r?=0.41) and higher levels of unspecified material (F=6.35, p=0.010, r?=0.23) in 
branches. Protein (F=25.30, p=0.001, r?=0.71) and phosphorus content (F=54.91, 
p=0.000, r?=0.68) of trunks were negatively associated with their age while amounts of 
calcium (F=6.71, p=0.024, r?=0.29) and fibre (F=13.99, p=0.006, r?=0.63) were 
positively associated. 

Distance from water was also an important factor. It was positively associated 
with calcium levels in branches (F=92.93, p=0.000, r?=0.26) and trunks (F=13.22, 
p=0.005, r?=0.40) and negatively associated with the fibre content of branches (F=4.33, 
p=0.024, r?=0.11). However, growth rate had the greatest association with levels of 
fibre in branches (F=12.89, p=0.001, r?=0.40) and a significant association with the 
amount of calcium (F=15.92, p=0.000, r?=0.17); the tendency was for fibre content to 
increase and calcium to decrease as growth rate increased. The concentration of fibre 
(F=8.64, p=0.002, r?=0.14) and calcium in branches (F=12.75, p=0.001, r?=0.06) had a 
slight positive relationship with their diameter. Branch diameter was closely associated 
with the amount of material leached from samples and explained 98% (F=154.50, 
p=0.000, r?=0.98) of the variance in leached material; leaching increased with decreasing 
branch diameter. 

Nutrient concentrations in balsam poplar appeared to be less influenced by winter 
immersion than those of aspen poplar. For balsam poplar, only amounts of unspecified 
material in branches, protein in tree trunks, and phosphorus in branches and trunks 


decreased significantly after storage in a winter food cache (p<0.05). 


Willow 


Except for calcium concentration in diamond willow, immersion in water caused significant 
declines in levels of all nutrients in both willows. Calcium was the only nutrient associated 
with other factors. In beaked willow, calcium tended to increase as age increased 
(F=14.52, p=0.003, r*=0.47), while in diamond willow, it was positively associated with 
distance from shore (F=9.06, p=0.031, r?=0.64). Similarly, fibre levels in the latter 


species were highest when distance from water was high (F=7.67, p=0.042, r?*=0.60). 
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Alder 


The diameter of branches accounted for 9% and 12% of the variance in protein (F=5.34, 
p=0.017, r?=0.09) and phosphorus levels (F=14.21, p=0.001, r?=0.12), respectively, and 
was negatively associated with both dependent variables. Calcium level increased with 
age of the trunk (F=4.71, p=0.021, r?=0.15) while fibre content increased with distance 
from water (F=4.62, p=0.046, r?=0.20). 

Immersion in water significantly reduced levels of protein, phosphorus, and 
unspecified material in trunks of alders (p<0.05). Fibre content varied directly with age 


(F=27.98, p=0.007, r?=0.88). 


Birch 


Nutrient composition of trunks of birch trees was not associated with any of the inde- 
pendent variables entered into the analyses. The most important factor affecting the 
nutrient regimen of branches was their diameter. That variable was negatively associated 
with protein (F=28.52, p=0.000, r?=0.54), calcium (F=21.72, p=0.000, r?=0.48), phos- 
phorus (F=9.36, p=0.001, r?=0.12), and levels of unspecified material (F=7.29, p=0.002, 
r?=0.36). It was inversely related to leaching rates (F=8.35, p=0.017, r?=0.43) while 
directly related to fibre content (F=14.36, p=0.000, r?=0.36). Increased distance from 
water (F=11.90, p=0.000, r?=0.11) and growth rate (F=3.31, p=0.032, r?=0.05) also 
resulted in increased fibre content in the bark of branches. Distance from water nega- 
tively affected amounts of unspecified material (F=8.01, p=0.003, r?=0.23). Phosphorus 
content, which declined from fall to spring, was the only component significantly affected 


by overwinter storage in water. 
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V. DISCUSSION 

Beavers residing in northern latitudes are well adapted to winter conditions. Adaptations 
include isolating themselves from the external environment by restricting winter activity to 
the lodge and food cache. The lodge and ice form effective barriers to predation during 
winter. As well, the environment of the lodge provides protection against thermal stress 
during extreme weather conditions. Stephenson (1969) recorded an average daily 
temperature fluctuation of 0.8 to 1.6°C within a beaver lodge while average ambient daily 
_ temperature ranged from -21.0 to -6.8'C. 

Beavers also respond to northern winter conditions through a series of 
energy-conserving physiological adaptations. These include cessation of skeletal growth 
and decrease in body weight in subadults during winter as well as decreased metabolic 
activity as indicated by a reduction in the size of the thyroid gland (Aleksiuk and Cowan 
1969). Body fat is deposited during late summer and fall, conserved during winter, and 
mobilized in spring when ice breaks up and activity increases. Thus, beavers adapt to a 
low quality diet during winter by severely restricting energy expenditure. 

Novakowski (1967) studied the energetics of beaver colonies at Wood Buffalo 
National Park and concluded that, based on the energy contained in wood and bark in their 
food caches, three of five colonies examined had a winter energy deficit. Aleksiuk 
(1970) suggested that because beavers do not consume wood, Novakowski (1967) had 
greatly overestimated the energy available to the colonies while underestimating effects 
of the winter metabolic depression. However, since the effects of immersion in water 
were not examined, Aleksiuk (1970) may have overestimated available energy as well. In 
his study area, willow was the principal winter food of beavers and my data indicate that, 
during immersion in water, nutrients are rapidly leached from that genus. 

Since nutrient levels in winter foods of beavers are generally low, it is important 
that the foods selected are adequate for the maintenance of a colony, particularly since 
the demands of gestation, parturition, and lactation occur in late winter and spring. Thus, 
a logical strategy would be to select those classes of vegetation highest in energy and 
nutrition. Nudds (1980) reported that feeding strategy of deer (Odoco//eus spp.) shifts 
from specialized in mild weather to generalized in severe weather. If this is the general 


case for herbivores, beavers, which are not forced to forage under adverse conditions, 
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should selectively attempt to optimize the nutrient content of vegetation in food caches. 
In fact, Jenkins (1978) reported that beavers removed small pieces of bark from trees, 
presumably to assess their nutritional value. Similar sampling by beavers was observed at 
Elk Island National Park, which, coupled with observed foraging patterns, indicates 


selective use of woody vegetation by beavers in that area. 


A. Patterns of Selection 

Jenkins (1975) reported that the species selected by beavers depended on their 
diameter and that selection was absent when variance in diameter was low. An important 
aspect of the present study is that it indicates that a number of factors affect food 
preferences of beavers and that important factors may vary with plant species. Thus, 
whether beavers prefer or avoid a tree species may depend on characteristics such as 
diameter, age, or growth rate of that species and those of other plant species in the area. 
At Elk Island National Park, both age and diameter affected selection of aspen poplar with 
aspen of small diameter avoided; however there was no apparent relationship between 
selection and variance of tree diameter. 

Many other studies (Aldous 1938, Shadle et a/. 1943, Hall 1960, Brenner 1962, 
Northcott 1971, Slough and Sadleir 1977) indicated that aspen poplar has the highest 
preference rating of any tree species. Most, however, were conducted in areas where 
balsam poplar was not available or else it was combined with aspen during data analysis. 
At Elk Island National Park, balsam poplar is generally preferred over other tree species, 
although the strength of selection depends on characteristics of both balsam and aspen 
poplar. However, it appears that the criteria for selection of balsam poplar are less 
stringent than those of other species. There is selection in favor of all classes of balsam 
poplar and a discriminant function analysis could only weakly discriminate between cut and 
uncut trees, indicating little difference in the characteristics of the two groups. 

For aspen poplar, basal diameter was a major factor governing selection, with 
beavers tending to cut the largest trees. This differs from most other studies of 
selection. Pinkowski (1983) found that in North Dakota, aspen poplars cut down by 
beavers (x= 10.2 cm) were smaller than those left standing (x=12.0 cm) and that there was 


a strong tendency for the diameter of cut trees to decrease with increasing distance from 
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water. Similarly, Hall (1960) reported that the use of small diameter aspen poplar (5.0 cm) 
exceeded their availability; this pattern was attributed to the suitability of the size class as 
building material. 

For species other than aspen poplar, there was no consistent relationship between 
diameter and selection. These results are similar to those of Chabreck (1958) who could 
find no evidence for selection of certain diameters. Most other studies, however, 
indicate selection for small size classes. In Ohio, Nixon and Ely (1969) found that trees 
less than 5 cm in diameter were selected most often, while Henry and Bookhout (1970) 
reported that 90% of the trees cut by beavers were less than 7.5 cm in diameter. In 
Massachusetts, Jenkins (1980) indicated that selection based on diameter increased and 
the size of cut trees decreased with increasing distance from water. 

At Elk Island National Park, the only obvious size-distance relationship was a 
tendency for the range of sizes of aspen poplar removed from cutting sites to decrease 
with distance, which is consistent with the results of Jenkin's (1975) study where the size 
range of cut trees decreased with distance from water. Since most trees cut down on his 
study area were less than 6 cm in diameter, it is likely that the majority of those trees were 
completely removed. These patterns are logical from an energetic standpoint. At some 
point, energy expended to transport small items long distances across land must exceed 
benefits obtained from ingesting them. Similarly, moving large, heavy materials short 
distances to water may be beneficial while the energy required to move identical items 
over long distances may be excessive. Hence it may be adaptive to concentrate 
increasingly on items of optimal size as distance from water increases. 

Few studies examined the size of materials removed from cutting sites by beaver. 
However, Shadle (1954) measured cuttings used in construction of a dam. Since most 
wood in the dam had been peeled, this method likely slightly underestimated the size when 
cut. However, the average diameter of poplar (Popu/us spp.) removed by beaver as 
calculated from his data was approximately 8.5 cm, and the largest, 16 cm. This 
compares to an average diameter of 7 cm for poplar removed from cutting sites at Elk 
Island National Park. The discrepancy is probably caused by underestimation of removal 


of items too small to be used as structural material by Shadle’s (1954) method. 
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The structure of food caches observed at Elk Island National Park was similar to 
that recorded by Slough (1978). He indicated that alder was found at the surface of food 
caches while aspen and willow were found throughout caches. Slough (1978) attributed 
the presence of alder on the surface to its low food value and its preferred use as 
structural material. Structural criteria may also explain size differences between surface 
and subsurface materials. However, it is more likely that the high buoyancy of large items 
makes it more difficult for beavers to submerge them. During fall 1982, we presented an 
adult beaver with balsam poplar logs about 20 cm in diameter. The beaver was unable to 
dive with them to incorporate them into the food cache although several attempts were 
made. 

The buoyancy of large items largely explains the descrepancy between the size of 
materials removed from shore and that found in food caches. Large items appear to be 
transported from shore to the vicinity of food caches where they are stripped of 
branches and bark. The branches are then incorporated into caches but peeled main stems 
are often left floating on the surface. The average diameter of freshly peeled wood in 
caches during 1982 was 6.4 cm compared with 5.1 cm for unpeeled aspen poplar, the 
second largest food cache material. These large floating branches are frequently blown 
into open water or shore. 

Species composition also differed between shoreline cuttings and food caches, 
particularly for willow and alder. Seasonal variations in food preferences as suggested by 
Jenkins (1979) may have contributed to the difference. Between 14 and 21 September, 
1983, 21 food caches were examined at Elk Island National Park, 33% (n=7) of which 
contained willow. Twenty-five food caches, including the previous 21, were examined 
about three weeks later and the percentage of caches containing willow, had more than 
doubled, to 72% (n=18). The frequency of occurrence of alder during the same period 
rose from 14% (n=3) to 24% (n=6); however, in many cases we were unable to find areas 
where beavers had cut alder, which suggests that they ranged over long distances to 
obtain it. 

Seasonal use of willow by beavers may be related to its high leaching rate. Since 
nutrients appear to be rapidly depleted by immersion in water, it would be advantageous to 


minimize the period of winter storage. This could be accomplished by cutting willow in 


i ae : aaeee sited gamiinet 
wenlninatia gel Sasi antes 

ow sanctntinting 2 has ble rae eed sf. 
ganbhan Wapided Rocco Nb aye Hes Sele yer MIG Ina 
seneliing st He varnvtiad Hania fat ler exc em ReMi Arma 
recamiescirg aw (baer eb paid - merit a srfiue or Mevand Tat 2 
of aida zee aveed ST sisregs 3 0° jada ad pi oe 
ere eqns 14°39 iguodiia’sias boot oft “Hf epost 


to ats aiff naverad yonder ait aniaiqng equa el apratite youayoud si? c= © ~. 
Ob G8 AEE esi BONE Bad JE Had? Ts fv art ask nan thw} osama, aiaitataee 
te genera ae yinttsnerty e5rtgR3- boot to “aide aftlat sare (ov) @amogqanest 
simtes Aitvn b6lpag nod Saeae off] DaIeocoon! nset eile ol) ee Orns aertoreud 
fy boDw Deeded yw lo cetfermeio @owieve-eriT. aoetua ed? os qasenlt elegans Oy 
Snt.,wigsa ns2s SASO Gt Fb WS hy baieamnoa te S.o' dw. SABI gohub eerie 
meynles vithduee 1 \a7e zadorie es grins oi} eo isterertT “lensinw oridda boot aN ONeIER 


sorte To Mei eee erm 
- 
wetness Hoa? tee 20ers aihlewilie AOI WIEN geret ih C2 “odeogng? gemma = pe 


iS = SeepHue Ss eondete 1h S24 Io Boney lerheawe 90a tes walliw nat yhetupireg : < 
‘adinerce? '€ ane SB! ngevcaE gonswst? Bet ot esrudiinny ove ver (ETE? aniiinel 
tay, Io (Tan) SEL, AWS dena islet Wa ebeReees few telpua Baph he SORT 
verng<® staw 1S sudive td ott gribulon .eeetsen SOG} quityine oT wObw Deane 
iy aacte Geel eecilhy smmeginges gare tS syeinaoieg at bog ‘silel caeew esvl tuods. 
Dorey Site ai oriue janie to adietupoe 4c yaneuict aT dBi St ot See ~. 
200% brit) oi Glan etsw ov, zeze7 yndm or savawort (GS-1 hs ot an ead rat 429% 7 
C) eeorsiab pnS wv Hepat vert fer? ctesypus ror bi neo ea a vevnse anew 
| heide 
S20 67 andres npn o-et peraiey ac yes eveed Ya Wolly oleae epee eee 
OF ayO9Q6)((aVb6 acd Divers t astavety Agjs eri, yd nadgiqud vibicas edo? ‘esqes sinattun . 
a CONN OUTu0 qe tredzikparsas et bive> ei? apéiele ietgiw *o Loleg wrt ¢ 


34 


late fall and ingesting it during early winter. The high density of ungulates may also contri- 
bute to this pattern of use for willow. Browsing moose (A/ces a/ces) feed on willow 
principally during winter thus allowing regeneration during the rest of the year. By 
delaying cutting until late fall, beavers would maximize the time available for willow to 
recover from the previous winter's browsing by ungulates. 

Increased selection for willow and alder in young colonies may result from the use 
of those shrubs as structural material. Recently established beaver lodges are usually 
constructed of small-diameter unpeeled wood. By using willow and alder for this 
purpose, it would be possible for beavers to conserve preferred aspen and balsam poplar 
for use as food. A concomitant result of removing shrubs would be to accelerate the 


invasion of shade-intolerant poplars which are a source of high-quality winter food. 


B. Factors Affecting Selection 


Nutrition 

A significant feature of the present study was the close association between 
preference at the species level and nutrient content. Of the three principal tree species 
occurring at Elk Island National Park, balsam poplar had the highest preference rating. In 
three of eight categories, that species appeared to have the most favorable concen- 
trations of assayed materials (Table 10). As well, it placed second in an additional three 
categories. Aspen poplar, which ranked second in preference, placed first in one cate- 
gory and second in four others. Birch was strongly avoided by beavers and ranked high in 
only one category analyzed. 

The relationship between nutrition and selection by beavers has seldom been 
studied although numerous studies on nutrient selection by ungulates and lagomorphs have 
been conducted. Of the ungulates, moose have foraging patterns most comparable to 
those of beavers. Moose feed largely on aquatic vegetation during summer and shift to a 
diet of woody vegetation in late fall and winter. Like beavers, hares (Lepus spp.) have a 
caecum and rely heavily on a diet of woody vegetation. Moose and hares, however, 


browse mainly on the current annual growth of twigs while beavers rely mainly on bark. 
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In the present study, protein level was not closely associated with selection at the 
species level. Alder had the highest protein levels but selection for it was neutral. These 
results differ from those of Lindlof et a/. (1974) who studied nutrition-preference 
relations of mountain hares (Lepus timidus) and found a strong positive correlation 
between protein content and selection (r=0.90). 

Sinclair et a/. (1982) indicated that sufficient levels of protein were extremely 
important to snowshoe hares. They reported that captive hares rapidly lost weight when 
protein content of their food dropped below 11% and suggested that hares in the wild 
select forage of greater than average protein concentration to overcome the paucity of 
protein in most woody vegetation. Levels of protein in the present study were much 
lower than the threshold reported by Sinclair et a/. (1982). Alder, which had the highest 
protein content of all food cache materials, contained only 6.5% protein in fall and 4.9% 
after overwinter immersion, less than one-half the reported threshold for hares. Balsam 
poplar, the most common food cache material, had levels of 4.7% in fall and 3.8% by the 
following spring, only one-third of the threshold. Three factors may ameliorate the 
effects of the low protein levels observed: (1) the protein requirement of beavers may be 
inherently lower than that of hares, (2) the winter metabolic depression may greatly reduce 
protein demand, and (3) as indicated for hares (Sinclair et a/. 1982), beavers may select 
only forage of higher than average quality. 

However, the greatest demand for protein by beavers likely occurs in spring, coin- 
cident with late gestation and lactation. Since alder, which contains high concentrations of 
protein, is usually placed on the surface of food caches, it generally remains unavailable 
until the spring thaw. Thus, the pattern of winter storage for alder may make available a 
reserve of protein for reproductive females in early spring. A second effect of the 
position of alder in food caches may be a reduction in levels of plant secondary 
compounds. Bryant (1981a) reported that green alder (A/nus crispa) contains high levels 
of pinosylvan methyl ether, which is highly toxic to hares. Since ethers with low carbon 
numbers are slightly soluble in water (Morrison and Boyd 1977), the long period of over- 
winter storage may reduce levels of toxins. 

Lindlof et a/. (1974) reported an extremely high positive correlation between 


mountain hare forage preference and phosphorus content (r=0.97). Although levels of 
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phosphorus and preference by beavers appeared to be related, levels among species 
were not statistically different. In addition, they were only about one-half of the phos- 
phorus levels of 0.12 to 0.20% recorded by Lindlof et a/. (1974). 

There is, however, evidence that in mammals, phosphorus uptake is controlled by 
calcium uptake. Clark (1969) conducted experiments on laboratory rats (Rattus 
norvegicus) and found that the proportion of phosphorus absorbed did not vary according 
to the requirements of the animals but was closely associated with the proportion of 
calcium taken up. Barkley et a/. (1980) constructed a mode! to simulate the diet of brown 
lemmings (Lemmus s/b/ricus) and postulated that excessive levels of calcium would cause 
nutrient depletion because of resultant poor absorption of phosphorus. 

Calcium levels in beaver forage were greater than the 0.34 to 0.91% reported for 
mountain hare browse in winter by Lindlof et a/. (1974) but similar to levels recorded in 
summer by Lindlof et a/. (1978). At the plant species level, selection of forage by 
beavers is associated with calcium level, a pattern similar to that of mountain hares (Lindlof 
et a/. 1978). This suggests that calcium levels in woody vegetation are insufficient to 
restrict phosphorus uptake. Because of the low levels of phosphorus available to 
beavers, it appears that an appropriate strategy would be to select species with levels of 
calcium which, although high, do not exceed a beaver’s ability to absorb it, thereby maxi- 
mizing phosphorus uptake. 

Plant fibre consists largely of cellulose which is among the most indigestible 
fractions of plant material (Radwan and Crouch 1974). Several studies have been 
conducted with ungulates, which are highly adapted to cellulose digestion through the 
process of ruminal microbial fermentation. For both moose (Oldemeyer et a/. 1977) and 
mule deer (Odocoi//eus hemionus)(Short 1966), digestibility was determined by fibre 
content. Additional studies by Radwan and Crouch (1974) indicated that the order in which 
vegetation was selected by black-tailed deer (O.A. co/umb/anus) was determined by 
cellulose digestibility. Selection against high cellulose levels by beavers may be more 
pronounced. Beavers are capable of digesting about 30% of the cellulose in their diet 
(Currier et a/. 1960, Hoover and Clark 1972). This is comparable to lagomorphs but 
considerably lower than the range of 41 to 82% reported for ruminants (Currier et a/. 


1960). At Elk Island National Park, selection of tree species is strongest for poplars 
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which are characterized by low fibre content. 

Hazel was not sampled during shoreline vegetation surveys or nutrient analysis in 
1982. However, because it was a common constituent of food caches, in fall 1983, the 
selection of shrubs was examined by establishing a 25 m transect with 4 m? vegetation 
plots at 5, 15, and 25 m directly behind 26 beaver lodges. Since snowshoe hare browse 
in upland sites is uncommon (personal observation), all browsing not identified as ungulate 
was assumed to have been by beavers. Only 5% (n=211) of the shrubs and 6% (n=51) of 
the hazel had been browsed. This compares with 42% (n=2265) of the trees larger than 
2 cm in diameter in all areas sampled in 1982 and indicates that there is relatively little use 
of shrubs by beavers. 

Nutritionally, hazel appears to be low quality forage. Peek et a/. (1976) indicated 
that crude protein levels in hazel were much lower than those in aspen poplar or willow. 
Similarly, phosphorus levels were lower in hazel than in the other two species, although 
calcium content was much greater. Other studies have indicated that cellulose content of 
hazel was comparable with that of alder (Radwan and Crouch 1974). If these relationships 
are similar to those at Elk Island National Park, hazel ranks high in calcium content but low 
in most other nutrients. Further, low foraging rates on hazel and its relative unimportance 


as a source of bark suggest that hazel is of little significance to beavers as forage. 


Other Factors 
While selection among species of woody vegetation appears to be closely assoc- 

iated with overall nutrient levels, the relationship between nutrient concentrations and 
intraspecific selection is not as evident. However, several factors other than macro- 
nutrient levels may influence selection within a species. Some of the obvious factors are: 

1. Levels of micronutrients that were not considered in the present study. 

2. Levels of toxic plant secondary compounds. 

3. The degree to which benefit obtained from a food exceeds the energetic cost 

and risk associated with foraging for it. 

In the last case, energy cost and the risk of predation would increase with distance from 
water and time required to obtain forage. Ultimately, however, selection is probably 


determined by a number of interacting factors. 
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Peek et a/. (1976) indicated that nutrient levels of plant species browsed by 
moose were higher in wet and mesic sites than in dry upland areas. At Elk Island National 
Park, most areas are wet to mesic. However, distance from water was the principal influ- 
ence on nutrient concentrations in aspen poplar and significantly affected those of balsam 
poplar. The pronounced influence on aspen poplar likely reflects its association with 
mesic upland sites as compared to balsam which is common on moist shorelines. 
Although it appears that beavers can obtain considerable nutritive benfit from using aspen 
growing long distances from water, the proportion of aspen cut was greatest within 8 m 
of water (Fig. 5), which suggests that, where aspen poplar is concerned, the benefits of 
restricting foraging distance exceed those of maximizing nutrient content. 

Restricted foraging distance was most evident for birch. Although, for this 
species, distance from water is directly related to fibre content, the strong avoidance of 
birch growing more than 17 m from water probably also reflects the limited benefits 
obtained from ingesting it. 

Nutrient levels in aspen poplar increased as diameter decreased, which is compar- 
able to the results of Hjeljord et a/. (1982) who reported that the digestibility of moose 
forage was inversely related to its diameter. Despite this relationship, beavers selected 
against high quality aspen poplar trees by selectively cutting the largest individuals avail- 
able. 

In fall 1983, | briefly examined the distribution of branches on poplars by 
constructing a 95% confidence interval around the mean diameter found in food caches 
for each tree species and counting the number of branches within this range available on 
trees of various diameters. The number of branches within the confidence interval on 
balsam poplars varied linearly with basal diameter whereas with aspen poplar the pattern 
was more complex (Fig. 10). Here, the number of suitable branches increased to 15 on 
trees 14 cm in diameter, thereafter declining to 8 at 18 cm. The number then increased 
exponentially as tree diameter increased. It therefore appears that beaver can maximize 
the amount of woody material obtained from aspen by cutting trees about 14 cm in 
diameter or very large trees. This, however, fails to explain why small trees are not taken 
since there are almost as many suitable branches on an aspen poplar 14 cm in diameter as 


ona 25 cm tree and the effort to cut down trees increases in relation to the square of the 
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diameter. 


A possible explanation involves the role of plant secondary compounds and 
competing herbivores. The density of moose at Elk Island National Park is exceptionally 
high. Telfer and Cairns (1978) reported that 436 moose inhabited the area (2.25 moose 
per km’). This compares with densities of 0.64 per km? in similar habitats near Rochester, 
Alberta (Mytton and Keith 1981) and 0.10 per km? in marginal habitat in northeastern 
Alberta (Skinner and Westworth unpub! data). Browsing pressure by native ungulates on 
aspen poplar is generally much greater than that on balsam poplar (personal observation, 
Westworth pers comm). Bryant (1981b) reported that aspen poplar responded to heavy 
browsing by snowshoe hares by producing adventitious shoots which contained signif- 
icantly greater concentrations of secondary compounds than mature-form plants. 
Further, laboratory experiments by Baldwin and Schultz (1983) indicated that poplars 
(Popu/us x euroamericana) responded to damage inflicted on nearby plants by elevating 
their production of phenolics by as much as 58%. Thus browse on a single aspen ramet 
may cause increased levels of phenols in a number of others. Bryant and Kuropat (1980) 
presented data which indicated that browse preferences for moose and hares were 
significantly and negatively correlated with concentrations of plant secondary compounds. 
They also reported that levels of those compounds decline as tree diameter increases. 
While hares and moose probably have little impact on trees 14 cm in diameter, they may, 
by browsing, raise levels of secondary compounds in small size classes to greater 
concentrations than are found in large trees. Since the ability of rodents to detoxify 
secondary compounds increases with increasing stomach complexity (Freeland and Janzen 
1974) and beavers have a simple stomach, their ability to deal with toxic compounds is 
probably low. The result may be an avoidance of small size classes of aspen poplar. 

Beavers also selected in favor of young aspen poplar in any diameter class. Other 
studies have indicated that young vegetation is characterized by higher nutrient levels, 
lower amounts of fibre, and greater digestibility by ungulates than older material (Hjeljord 
et a/. 1982, Vangilder et a/. 1982). At Elk Island National Park, the age of aspen poplar 
trees has little effect on nutrient concentrations. However, since beavers select aspen 
that are large as well as young, they are, in effect, selecting trees with a high annual rate 


of growth. Chabreck (1958) found that beavers selected fast-growing loblolly pine 
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(Pinus taeda). Because crown size was directly proportional to growth rate, he suggested 
that beavers were selecting rapidly growing trees to increase the amount of forage 
obtained from each tree. 

Nutrient concentrations in balsam poplar depended primarily on the age of the tree 
whereas trees selected most often were those with a high rate of growth. However, it 
would be unfeasible for beavers to select trees solely on the basis of age since the 
youngest and most nutrient-rich trees are also the smallest available. It would therefore 
be possible for beavers to expend more energy to find and remove those items than could 
be obtained from eating them. If the relationship between growth rate and crown cover 
(Chabreck 1958) applies to balsam poplar, beavers may be attempting to maximize the 
forage available from any given age of tree by selecting the fastest-growing individuals, 
perhaps by sampling bark on standing trees (Jenkins 1978). As well, nutrient content 
would be increased by selecting the younger and therefore faster-growing trees of any 


diameter. 


Variability in Diet 

Although beavers at Elk Island National Park appear to select species high in overall 
nutrition, even plant species low in nutrients were common in food caches. For example, 
birch, which was low in most nutrients analyzed, comprised 11% of the material in food 
caches. Westoby (1978) suggested that there are several situations in which a varied diet 
is beneficial: (1) A variety of foods is likely to be taken where considerable effort is 
required to search for preferred forage. (2) Optimal foods may vary depending on search 
costs and nutrition. (3) If the optimal diet is variable, sampling behavior may be used to 
assess forage quality. (4) Complex diets provide a greater range of nutrients than simple 
diets. For example, at Elk Island National Park, protein intake is maximized by feeding on 
alder while poplars provide the greatest concentrations of most other nutrients. 

Plant secondary compounds may also produce varied diets (Freeland and Janzen 
1974). Since plant toxins from different species may have antagonistic or synergistic 
effects, Freeland and Janzen (1974) suggested that variable diets can act as a mechanism 
for simultaneously maximizing the intake of food and detoxifying harmful plant 


compounds. 
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C. Population Trends 


Density of Colonies 

The reported accuracy of aerial surveys for censusing beaver varies widely. 
Slough and Sadleir (1977) observed 8 colonies from the air and 48 on the ground, an 
accuracy of 17%. In mainly coniferous habitats in Newfoundland, 61% of the beaver 
colonies were observed from fixed-wing aircraft while 81% were located from heli- 
copters (Payne 1981). Swenson et a/. (1983) reported observation efficiencies of 70 to 
100% from fixed-wing aircraft in Montana. It therefore appears that in 1982, the 
accuracy of the beaver survey of Elk Island National Park (83%) was about average, despite 
poor survey conditions. 

The density of colonies at Elk Island National Park (0.94 colonies per km?) appears 
to be one of the highest reported in Canada. Densities in good quality habitat in 
Newfoundland ranged from 0.18 to 0.26 colonies per km? (Bergerud and Miller 1977). In 
Saskatchewan, Gunson (1970) reported colony densities of 0.11 to 0.34 per km? in low 
quality habitats and 0.44 per km? in high quality habitat. Larson and Gunson (1983) 
examined 20 areas across Canada and reported that colony densities at Elk Island National 
Park between 1973 and 1976 averaged 0.93 per km?; this density was exceeded only by 
the number of colonies at Riding Mountain National Park (1.06 per km’). They further 
suggested that 1.2 colonies per km? is the maximum potential density for Canada. 
Because of high beaver density in the study area, most suitable areas have, at some time, 
been occupied by beavers (Fig. 1). During foraging surveys, we visited over 60 bodies of 
water, only two of which showed no sign of occupancy. 

Parks Canada censused beaver colonies from 1963 to 1981. Ground surveys 
were conducted in 1963, 1968, and 1970 and there were annual aerial surveys from 
1973 to 1976. A survey was also flown in early spring 1981; however, because the 
results are inconsistent with those of earlier surveys and that conducted during the 
present study, it is not considered here. The survey data indicate that the number of 
colonies increased slowly from 1963 to 1968 and then increased rapidly until 1976. 


Between 1976 and 1982, the number of active colonies appears to have declined slightly 
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(riggd i): 

Beaver colonies in the park are frequently abandoned and later recolonized. 
Survey data indicate that 92% (n=65) of 71 colonies observed in 1963 had been 
abandoned at least once by 1982. However, as of 1982, 43% (n=28) of the 1963 colony 
sites were occupied.. Because regeneration of aspen and balsam poplar is relatively slow, 
this may indicate that beavers recolonizing previously abandoned areas are occupying rela- 
tively low quality habitats. 

Besides affecting population densities (Gunson 1970, Boyce 1981b), habitat 
quality has an influence on other demographic characteristics. Huey (1956) found that 
litter size in colonies using willow as food averaged 2.1, compared with 4.2 for colonies 
in aspen-dominated areas. In Saskatchewan, yearling beavers lost weight over winter 
where poplar constituted only 9% of food cache materials while weight gains were 
recorded when caches contained 45% poplar (Pearson 1960). In Colorado, beaver popu- 
lations increased more rapidly and had a greater number of beavers per colony in 
aspen-dominated areas than in locations dominated by willow (Yeager and Rutherford 
1957). Therefore, to determine the relationship between habitat, food, and population 


trends, a knowledge of colony size and reproductive rates is fundamental. 


Colony Size 

Although there are rare reports of beavers moving between colonies (Beer 1955, 
Busher et a/. 1983), family groups of beavers generally occupy exclusive home ranges 
(Brenner 1967, Aleksiuk 1968, Bergerud and Miller 1977, Boyce 1981a). Family groups 
usually Comprise an adult male and female, kits, yearlings and sometimes 2-year-old 
offspring (Novakowski 1965, Bergerud and Miller 1977, Svendsen 1980b). Since 
beavers are often sexually mature before they are 2 years old (Larson 1967), potentially 
reproductive individuals frequently remain with their parents. This is most likely to occur 
in areas where the saturation of high quality habitat with colonies causes high mortality 
among dispersing beavers (Bergerud and Miller 1977, Boyce 1981a). The result is many 
individuals per colony in saturated habitats of high quality. 

Schwanke and Baker (1977) reported 8.6 beavers per colony at Elk Island National 


Park. This compares with an average colony size of 6.0 in Ohio (Svendsen 1980b). 
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Bergerud and Miller (1977) found that colonies in various regions of Newfoundland 
averaged from 2.2 to 5.1 individuals while Payne (1982) reported an average of 3.5 in that 
province. Novak (1977) calculated a mean colony size of 7.6 beavers near North Bay, 
Ontario. In Nevada, areas of high and iow colony density were studied over two years 
(Busher et a/. 1983). The area with high colony density had more than 9 individuals per 
colony even though kits were not counted. Moreover, 2-year-olds were present in 7 of 8 
observations of colonies. This compares with an average of 5 beavers per colony 
(including kits) in an area of lower colony density. In that area, 2-year-olds were present in 
only 2 of 8 observations. The colony size for Elk Island National Park reported by 


Schwanke and Baker (1977) therefore appears typical of good quality saturated habitat. 


Reproduction 

Gunson (1970) suggested that reproduction by beavers is density dependent. 
Thus, reproductive females are likely to produce low numbers of embryos and kits in 
areas saturated with colonies. 

Several North American workers have reported litter sizes of approximately 2.7 
young per reproductive female (Bergerud and Miller 1977, Svendsen 1980b, Wigley et a/. 
1983). In southern Russia, reproductive Canadian beavers have an average litter of 3.2 
young (Danilov and Kan'shiev 1983). Brenner (1964) reported 5.5 young per female in 
Pennsylvania while in Saskatchewan, there were 4.1 young per reproductive female 
(Gunson 1970). 

Pearson (1960) indicated that the average litter size of 3.5 in a stable population of 
beavers at Prince Albert National Park, Saskatchewan was exceeded by the average of 6.3 
young per reproductive female in a rapidly expanding population at Elk Island National Park 
in 1958. By 1975, litter size in the latter area had decreased to an average of 5.1, an 
indication that the population was entering a period of stability (Schwanke and Baker 
1977). In 1982, based on embryo and placental scar counts, 4 reproductive female 
beavers produced an average of 2.8 (range 2 to 5) offspring per litter. While this appears 
to be about average for North America, it is much lower than litter sizes reported by 
Pearson (1960) and Schwanke and Baker (1977) for the same area. Although the data are 


insufficient to be conclusive, they indicate that reproductive rates may be decreasing 
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because of a decline in habitat quality. 


Habitat 

The distance that beavers will travel inland to obtain food may provide an indication 
of habitat quality. In areas with an abundance of preferred foods, foraging likely occurs 
primarily near water. in Ohio, Brenner (1967) reported beavers foraging as far as 750 m 
from shore while Henry and Bookhout (1969) recorded maximum distances of 50 to 
75 m. Yeager and Rutherford (1957) found maximum foraging distances of 90 m in 
Colorado. 

At Elk Island National Park, mean maximum foraging distance was 20 m, while the 
maximum observed during the foraging inventory was 78 m, recorded in a willow flat. 
The cuttings farthest from open water were observed at a pond surrounded by conifers. 
At that location, the conifers adjacent to the pond were unused while aspen poplar 
growing approximately 200 m from open water had been used extensively. In both areas, 
beavers had constructed a complex network of canals to facilitate removal of material. 
These observations compare with those of Schwanke and Baker (1977). They reported a 
mean maximum foraging distance of 22.7 m and a maximum of 41 m at 10 colonies they 
examined at Elk Island National Park between 1974 and 1976. 

The distance inland that beavers foraged at Elk Island National Park was related 
primarily to the total amount of timber available within 30 m of water rather than the avail- 
ability of particular species. The inability of the analysis to define important species likely 
results from the absence of selection for plant species within 10 m of water. As the total 
amount of timber in an area increases, the distance travelled to obtain forage decreases 
and most cutting will be less than 10 m from water. The availability of birch also 
negatively affected foraging distance. Since birch is avoided by beavers, there would be 
little incentive to range over long distances in birch-dominated forest, particularly since 
selection against birch is greatest where distance from water is high. Moreover, in many 
areas, birch tended towards dense monospecific stands. Hence, a reduction in the 
amount of birch may imply the greater availability of preferred species. 

At Elk Island National Park, no differences in habitat or forage availability between 


active and abandoned colony sites or among colony age classes were detected. In Alaska, 
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Boyce (198 1b) reported that colony sites occupied for a single winter were characterized 
by a lower biomass of potential food cache material than sites occupied for two or more 
consecutive years. One-year-old colonies could not be positively identified in the present 
study but | was able to examine the characteristics of active and abandoned colonies less 
than 3 years old. However, there was no apparent relationship between any habitat 
variable, including total basal area, a variable similar to biomass, and status of the colony. 
The results were similar when habitat was compared among colonies of different ages. 
These results are comparable to those of Henry and Bookhout (1970) who were unable to 
detect differences in vegetation in the proximity of colonies less than 3 years old and 
those older than 5 years. 

Although habitats within 30 m of water did not differ significantly among colonies 
(p>0.05), there were slight although insignificant (p>0.05) differences in the quantity of 
preferred classes of woody vegetation within 10 and within 20 m of water. Within 20 m 
of shore, age class 4 colonies had a greater density of balsam poplar and young, large 
aspen poplar (2.47 trees per 100 m?) than other age classes, which had a range of 1.63 to 
2.03 per 100 m?. Within 10 m of shore, the density of preferred tree classes was only 
0.41 per 100 m? at age class 1 colonies. This is lower than the range of 0.60 to 0.77 
found at other colonies. The oldest surviving colonies in Elk Island National Park appear to 
occupy areas that have an abundance of winter food, which suggests that those colonies 
were originally established in areas particularly rich in preferred classes of woody vege- 
tation. Lower densities of preferred classes of woody vegetation adjacent to young 
colonies imply that recent colonization is occurring in relatively low quality habitats. 

Schwanke and Baker (1977) used an estimate of foraging distance to assess the 
area available to foraging beavers at 10 colonies in Elk Island National Park. Areas where 
foraging had previously occurred were also measured. They calculated that 2.8 ha was 
the average foraging area available and that a mean of 0.4 ha had already been used. The 
average age of the colonies studied, based on aerial survey data provided by Parks 
Canada, was about 3 years. This indicates that, if the entire area available to beavers is of 
similar quality to that previously used, most areas are capable of supporting a beaver 
colony for about 20 years. If beavers initially browse in the best areas, the potential life 


of the colony will be somewhat lower; however, in some ponds beavers are able to 
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expand the area available for foraging by raising water levels by constructing dams. 

The annual rate of growth for aspen poplar at Elk Island National Park (0.43 cm per 
year) is greater than that reported by Yeager and Rutherford (1957) at high elevations in 
Colorado (0.16 cm per year) but lower than the 0.70 cm per year observed in New York 
(Stegeman 1954). Growth rates for balsam poplar (0.44 cm per year) at Elk Island 
National Park were similar to those of aspen. Since the average diameter of aspen and 
balsam poplar felled by beavers was 21.4 cm and 17.0 cm respectively, the regeneration 
of balsam poplar of appropriate size would take over 35 years while that of aspen poplar 
would approach 50 years. Although these calculations are imprecise, they are an indic- 
ation that regeneration rates of preferred classes of trees are inadequate for long-term 
support of the current population of beavers. If decreasing availability of balsam and 
aspen poplar forces beavers to forage on poor quality vegetation, further reductions in 


numbers may result from reduced rates of reproduction. 
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Table 1. Age classification of beaver colonies at Elk Island National Park during 
1982 and 1983: 


Age Class Actual Age (Yr) No. of Colonies % of Colonies 
1 ec: 6 2202 
2 4-6 -) 33:0 
3 Thee, wv 23.9 
4 >9 5 TS25 
27% SERS 


*Three colonies were not included in the data analysis because of changes in 
methods. 
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Table 2. Relationship of average and maximum foraging distance with major 
habitat variables. 


Average Foraging Distance 


Total basal area 55.577 0.0000 -0.999 0.589 
Basal area of birch VWOra3s © 0037 = aVs || 0.144 
Stem density of shrubs 7.437 070120 50.383 0.065 
TOTAL 0-798 


Maximum Foraging Distance 
Total basal area VS. 2457 0.0007 =-0°832 Ora 
Basal area of birch 7.790 0.0101 SRC eLy/ O), al 
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Table 4. Relationship of age and diameter for uncut aspen poplar and aspen 
poplar cut down by beavers. Equations are partitioned from a single 
multiple regression (see text). 


Independent 
Variable Slope F Prob. Equations 
Age Class 1 
diameter 22064 1207222" 0000 Y(uncut) = 5.63 + 2.06dia 
cut x dia =OFZ110 9.43 0.002 Yicut)" =65,60" +" I085dia 
Age Class 2 
diameter 2.309 1283.14 02000) —“Viuncute9.12 + 52:3 Tdias=0el dis 
cut x dia -0.247 102217 0.002 Y¥(cut) =9.12° 4 °206dia\="091Gdis 
distance 50,178 Deen O02 S 


Age Class 3 
diameter 2.286 78.59 0.000 Vora Sees Odia 


Age Class 4 
diameter 2.452 592.05 0.000 Y(uncut)=="-2:09 = 72.45dia = -0.30dis 
cut x dia -0.476 12479" 0.004 Yicut) ="52.0S = i9sdiae- <0. 30dis 
distance OF3071 TOO. 007 
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Table 5. Relationship of age and diameter for uncut balsam poplar and balsam 
poplar cut down by beavers. Equations are partitioned from a single 
multiple regression (see text). 


Independent 
Variable Slope F Prob. Equations 


Age Class 1 
diameter iid. 681574 0.000 Y¥ai== 6 2 Sec wie a7 ole 


Age Class 2 
diameter 2046 2051.18" 0/000 Y(uncut) = 4.95 + 2.05dia 
cut =S409 14225 0.000 Yicut}e asic 1 49. 2:05cdia 
Age Class 3 
diameter L-9o 9762738 0.000 Y = 2.07- Fi.Sbodiat+ 70:24dis 
distance 7236 Sy 2Gne 002 
Age Class 4 
diameter 22252 879290 0.000 Viuncutin= 5-392 2odia 
cutext dia -0.234 7.68 0.006 Yicut), ==5:539" >) 2:02dia 
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Table 6. Relationship of age and diameter for uncut birch and birch cut down 
by beavers. Equations are partitioned from a single multiple 
regression (see text). 


Independent 
Variable Slope F Prob. Equations 
Age Class 1 
diameter S28 —568-4 b- “3-008 Y(uncut) = 6.99 + 1.93dia 
cut x dia -0.945 48.96 0.000 Y(cut) = 11.65 + 0.98dia 
cut 4.668 13.91 0.000 
Age Class 2 
diameter 1:792 382.65 0.000 Y= (832 + F229dia 
Age Class 3 
diameter 1.669 456.28 0.000 Y =*8.93 + Ule/7dia 
Age Class 4 
diameter 12376 391.95" 0-000 Yiuncu) = 13.66—-+ 1.s6dia - 0.0S9dis 
distance =0.093 11.01 0.001 ¥icut) <== 6716. +-2.03dia-= 0:09dis 
cut -5.498 9.57 0.002 


cut x dia 0.654 4.94 0.027 
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Table 7. Results of discriminant function analysis: characteristics of trees cut 
down by beavers and uncut trees. 


Standardized discriminant Prediction 
Species Variable function coefficient F Prob. accuracy(%) 
Aspen poplar diameter 1.961 64.27 0.000 
age alee 38.16 0.000 70.56 
Balsam poplar growth rate 1.000 13-55. 0:006 55.95 
Birch growth rate =0:316 69.83 0.000 
dist from OmS7 125.84 0.000 74.14 
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Table 8. Composition and size of woody material removed from the shore and 


observed in beaver food caches. 


Aspen poplar 
Balsam poplar 
Willow 

Birch 

Alder 

Hazel 


Others 


6.5+0.24 
7.440.211 
3.620738 
5.920°28 
S.620re3 


5.120745 
3.4+0.20 
2/2089 
3.9+0.40 
3.22042 
1.4+0.08 


bts syorle- er) mont Savemer isinatem, Ney Steere matteo 
—_— - - 7 [fe . Ze 7 
sertvad |i Bevtead Borg mii! bevornee 
ee : _- BY, z.. 
eens ae — ~ r 


Last = tl 


fi aerneid w 701. 


BhOSt.2 Bef 08 st tca.e ETE « BRE waeg 
Cs.024.€ BOE ach {S026 e oat a2 wigaa 
St,025,5 Ox) BB shovse Slay lls 
OROPEE. 5.07 “ER ec ose e ge sor 
SAO B.e@ .-e& res 0282 of at 
60.024, fe Ot im / ; it> | 
ry es = er 


7 io 


: 
Ss ; — - 


516) 


Table 9. Contents of the stomachs of 20 beavers collected at Elk Island 
National Park, 30 April to 10 August, 1982. 


Specimen 
No. Volume(cc) % Wood % bark % other 
1 1070 6.3 27.6 BOxs 
2 S50 PS) 223 Wa) 
S 300 aS) 5.9 Ser2 
4 700 Gis 6.3 Sag AS 
3) 200 6.7 6.7 86.7 
6 750 eRe owe Te 
Hi 350 Gc 6.3 S7,D 
8 625 eke Bein! Sol4 
9 525 5.9 5.9 88.2 
10 500 5.9 5.9 See 
11 350 ee 7) 66.6 26.7 
22 25 1ers 46.7 39.9 
i 350 ow, 33.4 60.1 
14 600 W255 Sule 6.3 
iS 475 20.0 20.0 COni 
16 150 C7 6.7 86.7 
‘WA 400 0 @) 100.0 
18 200 @) @) 100.0 
19 425 @) ors 86.7 
20 800 Sy Ui 6Gi7 SG.7 
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Fig. 1. Distribution of beaver colonies at Elk Island National Park, November 
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Fig. 5. Proportion of trees cut down by beavers at various cistances from 
shore. 
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rating of various classes of woody vegetation based on 


Jacobs (1974). Growth rate: H-high, L-low; Diameter: B-large, S-small; Distance 


from water: F-far, 


N-near. 
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Fig. 7. Relationship of variance in the diameter of aspen poplar removed from 
cutting sites and distance from water. 
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Fig. 8. Mean nutrient content of bark from six species of woody vegetation. 
All samples were 2 to 5 cm in diameter. The shaded bar and open bar 
represent levels before and after overwinter immersion, respectively. 
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Fig. 9. Mean fibre content of bark and mean amount of material leached from 
the bark of food cache material from November 1982 to May 1983. 
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Fig. 10. Relationship of the number of branches within the size range typically 
used by beavers for winter food with basal diameter. The dashed line indicates 
values not entered into the regression analysis. 


67 


200 
y, 
Vv 
Sp) 
uw 150 
Fb 
O 
cot 
.@) 
O 
fe 100 
O 
© 
a 
50 
1963 68 70 73 76 81 82 
YEAR 
Fiq. 11. Number of active colonies observed during beaver surveys of Elk 


Island National Park, 1963 - 1982. 


nay 


S % seme vee arta bere wreis- @me_ic's 
co” <coaf 


Vi. LITERATURE CITED 


Aldous, S.E. 1938. Beaver food utilization studies. J. Wildl. Manage. 2: 215-222. 


Aleksiuk, M. 1968. Scent-mound communication, territoriality, and population reguiation 
in beaver (Castor canadensis Kuhl). J. Mammal. 49: 759-762. 


Aleksiuk, M. 1970. The seasonal food regime of arctic beavers. Ecology 51: 264-270. 


Aleksiuk, M. and !. McT. Cowan. 1969. Aspects of seasonal energy expenditure in the 
beaver (Castor canadens/s Kuhl) at the northern limit of its distribution. Can. J. 
ZENG, GEHfe AL) {AUS} |. 


Baldwin, |.T. and J.C. Schultz. 1983. Rapid changes in tree leaf chemistry induced by 
damage: evidence for communication between plants. Science 221: 277-278. 


Barkley, S.A., G.O. Batzli, and B.D. Collier. 1980. Nutritional ecology of microtine 
rodents: a simulation model of mineral nutrition for brown lemmings. Oikos 34: 
103=1 74. 


Beer, J.R. 1955. Movements of tagged beaver. J. Wildl. Manage. 19: 492-493. 


Bergerud, A.T. and D.R. Miller. 1977. Population dynamics of Newfoundland beaver. 
Cana a Zocolsoo- 148071492. 


Boyce, M.S. 1981a. Beaver life-history responses to exploitation. J. App. Ecol. 18: 
TA9-7 53: 


Boyce, M.S. 1981b. Habitat ecology of an unexploited population of beavers in interior 
Alaska. pp. 155-185, /n: J.A. Chapman and D. Pursley (eds.). Worldwide Fur- 
bearer Conference Proceedings. Worldwide Furbearer Conf., Inc., Frostburg, 
Maryland, 1: 1-652. 


Brenner, F.J. 1962. Foods consumed by beavers in Crawford County, Pennsylvania. J. 
Wildl. Manage. 26: 104-107. 


Brenner, F.J. 1964. Reproduction of the beaver in Crawford County, Pennsylvania. J. 
Wildl. Manage. 28: 743-747. 


Brenner, F.J. 1967. Spatial and energy requirements of beavers. Ohio J. Science 67: 
242-246. 


Bryant, J.P. 1981a. Hare trigger. Nat. Hist. 90: 46-53. 


68 


_ 


7 a Si) 
oO ce = 
7 


: - > : oor _ rr se : a 
SENSIS Ss openeM son L salute noimgilitieboo? + ; wai 22 ewe 

maluge? Nous . Ihe? nomeqnummes bnucriase AGRP aan 

= pie + al seer oie + A Tivo UES ertcarre rd: ~~ 


. , en 
smal 
OTS-BSE 1B ygoions mevaed sitow fo arpa? rind ipnowaee arth — ¥ 
ic oP f “1 Cp TM . M. 
ot Ai UNOS Geo VE Wt ighotebe to amat y BBE avo * eeu 
: f a se le) 
L me fechartteb el! to fall nario to. he done a = “a 


ve Sasieal yds Judi eat ni’copoety boi ESC? eure 3 Gm a | ctwbisd 
BTS-SVS : i Sorrur< seal Pei veh hi} Aotapinuriresy AM oitapive. = Treo 


a 

eqiiénclte to viidions tancitiaus O82! oailed ea bar i. nee ais 7 
ee 2040 ehernrerna! fiword 7 ac Wet iewie labor asilehime @s ah 
7 ‘et T-6t 


£28522 2? apankM Yo «. -r9eveed baQost Yo zcingtievolM sae AL “a, 


eveud briimwotwst) te euranyb novelgot STH! sali, 4.0 Ors age 
SEPi-OeeT .2e iach 


a) 1662 aqgk © Heilsiiolees ol aeetodeery omits Ht “VES 8 areer2 


—_ 
— 7 


19a oh cayted to rice Gp Si et poled 10) ygelce & fatider! fms, cM, a pee 
“wy ghrwbho vy (shal valet me Ae | Neen ia Ait +h)  eal-b2I 
g@udecs wil tAOD seiesew4 Abiwby 


Lapnibabaent! Sop ue i 


iN or: 


 obieviveriiss .yinuo2 tre ted A wiavewe vel bemmuedin soot. sger ua 
TOPO) at gerbe 


| Usinesiyarires S aared moh wn 7S iW woven ert In oat of pee? 1 
: a oe Be arch 


i) Boss aL ont Deveed = Brera WES ena oe ¥ 


is 7 


aa ie 


: p 
Sy) 


bes er i JaQpirt sxe) 
i. 


o 
. 


69 


Bryant, J.P. 1981b. Phytochemical deterrence of snowshoe hare browsing by adven- 
titious shoots of four Alaskan trees. Science 213: 889-890. 


Bryant, J.P. and P.J. Kuropat. 1980. Selection of winter forage by subarctic browsing 
vertebrates: the role of plant chemistry. Ann. Rev. Ecol. Syst. 11: 261-285. 


Budd, A.C. 1979. Budd's flora of the Canadian prairie provinces. Res. Branch, 
Agriculture Canada. Pub!. 1662. 863 pp. 


Busher, P.E., R.J. Warner, and S.H. Jenkins. 1983. Population density, colony compo- 
aioe and local movements in two Sierra Nevadan beaver populations. J. Mammal. 
4: 314-318. 


Chabreck, R.H. 1958. Beaver-forest relationships in St. Tammany Parish, Louisiana. J. 
Wildl. Manage. 22: 179-183. 


Clark, |. 1969. Importance of dietary Ca:PO, ratios on skeletal Ca, Mg, and PO, meta- 
bolism: Am. J. Physiol: 2172 865-870. 


Currier, A.. W.D. Kitts, and |. McT. Cowan. 1960. Cellulose digestion in the beaver 
(Castor canadensis). Can. J. Zool. 38: 1109-1116. 


Danilov, P.l.and V. Ya. Kan'shiev. 1983. The state of populations and ecological charac- 
teristics of European (Castor fiber L.) and Canadian (Castor canadensis Kuhl) beavers 
in the northwestern USSR. Acta Zool. Fennica 174: 95-97. 


Freeland, W.J. and D.H. Janzen. 1974. Strategies in herbivory by mammals: the role of 
plant secondary compounds. Am. Nat. 108: 269-289. 


Gunson, J.R. 1970. Dynamics of the beaver of Saskatchewan's northern forest. M.Sc. 
Thesis, Univ. of Alberta. 122 pp. 


Hall, J.G. 1960. Willow and aspen in the ecology of beaver on Sagehen Creek, California. 
Ecology 41: 484-494. 


Henry, D.B. and T.A. Bookhout. 1970. Utilization of woody plants by beavers in north- 
eastern Ohio. Ohio J. Science. 70: 123-127. 


Hiner, L.E. 1938. Observations on the foraging habits of beavers. J. Mammal. 19: 
Blteo4 Se 


Hjeljord, O., F. Sundstdél, and H. Haagenrud. 1982. The nutritional value of browse to 
moose. J. Wildl. Manage. 46: 333-343. 


Hoover, W.H. and S.D. Clarke. 1972. Fiber digestion in the beaver. J. Nutrition 102: 
9-16. 


mis ae REY scina Alte tata NY hE Sa 
sag ies L fsa evoul ane — atneartiaws oe) eee 


~ 


> 
A enews rene Dyesromet tS ry eqirt nolaler “cath aN 
bs SD ieiaiers wo sciher (C i 1m 
— -_ ‘ot ay sare mA 


weed Gi ri roif2zeult-erdlulad OGET. Aa toy" ; pe CAN A. 
att? -e0r! -Sialgas het  anesbetss 


“msn lapigoloas bie shots odo jo smateel? ..<2g! vairia Tes ay De scone 

s1eUked IA s\ene hones Ate) MONTE One |. 4 sar) iy vy ego us 7o aces 
r0-se BYE s: Whe OG ae Li 

ae : ar’ 


oF. _ 
16 slo) Oc? zlarimant yaapgvic se rw dai taare axes ‘orchalh pean oy 
BELT eas SG ye? nA. _2brwoumea : 


=2 0, Jag707 narison 2 newerloignzss to. twvEeas oft iqesinmwG: a 
Py er) ath a é 


a 
 ¥ f 


eriotiied sleaS neriaos2. ne TevEad to ypoinas sl ti fiBces bag ai 2 ma, 3 mi) 


—_ 


+. ‘pf © fa > 


aifoe 1) 2evsed VO Btrbi; ybOow lo helgsiht)- OTE! Igoraeoe A 7 oe B). e 
TEES. OF somos | ot | oid me 


SG) .jereiieM .L. -eveveed-1o aids gnipsiot ent no encisy wet: Bee 


7 


of oid! igriguiial Tr 2881 a 
orw Seulsy isnoiitua aat = ee! ook ee 42 


Sot voli . ocaygsd. sit MiMoueapib asda: STO? erwI eee 


70 


Huey, W.S. 1956. New Mexico beaver management. New Mexico Dept. Game and Fish. 
Bull. No. 4. 49 pp. 


Jacobs, J. 1974. Quantitative measurement of food selection: a modification of the 
forage ratio and Ivlev's electivity index. Oecologia 14: 413-417. 


Jenkins, S.H. 1975. Food selection by beavers: a mutidimensional contingency table 
analysis. Oecologia 21: 157-173. 


Jenkins, S.H. 1978. Food selection by beavers: sampling behavior. Breviora 447: 1-6. 


Jenkins, S.H. 1979. Seasonal and year-to-year differences in food selection by beavers. 
Oecologia 44: 112-116. 


Jenkins, S.H. 1980. A size-distance relation in food selection by beavers. Ecology 61: 
740-746. 


Kleinbaum, D.G. and L.L. Kupper. 1978. Applied regression analysis and other multi- 
variable methods. Duxbury Press, North Scituate. 556 pp. 


Larson, J.S. 1967. Age structure and sexual maturity within a western Maryland beaver 
(Castor canadens/s) population. J. Mammal. 48: 408-413. 


Larson, J.S. and J.R. Gunson. 1983. Status of the beaver in North America. Acta Zool. 
Fennica 174: 91-93. 


Lindlof, B., E. Lundstrom, and A. Pehrson. 1974. Nutrient content in relation to food 
preferred by mountain hare. J. Wildl. Manage. 38: 875-879. 


Lindlof, B., A. Pehrson, and A. Johansson. 1978. Summer food preference by penned 
mountain hares in relation to nutrient content. J. Wildl. Manage. 42: 928-932. 


Longley, R.W. 1967. Climate and weather patterns. pp. 53-67. /n: W.G. Hardy (ed.). 
Alberta - anatural history. M.G. Hurtig Publ., Edmonton. 343 pp. 


Morrison, R.T. and R.N. Boyd. 1977. Organic chemistry (3rd ed.) Allyn and Bacon, Inc., 
Toronto. 1258 pp. 


Mytton, W.R. andL. B. Keith. 1981. Dynamics of moose populations near Rochester, 
Alberta, 1975-1978. Can. Field-Nat. 95: 39-49. 


Nixon, C.M. and J. Ely. 1969. Foods eaten by a beaver colony in southeast Ohio. Ohio 
Je Science G9; 313-5319) 


Baby CRM NGWONE cwsnEd Migr we 2rsuécd yates Boat ATE a 
wiovesd yerotoalee Soot mi zeonsnettib ite gai Sen 


Tolan wyeyeed yt coifpales bon? ein rnareainest Fe - er 


han -edte ors aizylans Ta ODS ates frail AA ahe 7 oe : 


ae 


savned beetyi rtateow Baril ercwrere pase brits wie. y A Spel 24 foe ts! _ 
Clt-SOl Shier i Chat tN NORD a 


eee Are ANoyi tavgod art fo euigr? 288! Nee B ims ak poms "7 


7) — : = 
baat of naifaley ni inagidd deeb thG( Anewisd 4 bre imevebrd 2 eselbad 
US-205 -8E seem: iniW | =i rigthen Veouenetag 


t . rete oir ia: BEB nose grict a 
ogee at bellacoryt Teh¥e. “Y, despod tai sift OF dae: aoe 


sie yee .DW wl. Tce ea ame vies be =gen? SeBl ¢ 4 
G7 Ehs “aotroriegd edit WM owerir 23a on Soo 


23m .neceP One nytA (Se HE; y teirsts oe: «TVET hyd MR saat T.9 pii 
OMSNIGA ween. Sncitshiqog azo0m), TS sara FORT nets A Se sen” 
8-&5 -cP tay mar te 2bee seer. 


- 
7 : = 
Orit) | oO fakertued ni yholoaevaed & yd "ies choo? T1867 vie | tre ony 
PIE-ETE ‘sae 


Ta 


Northcott, T.H. 1971. Feeding habits of beaver in Newfoundland. Oikos 22: 407-410. 


Novak, M. 1977. Determining the average size and composition of beaver families. J. 
Wildl. Manage. 41: 751-754. 


Novakowski, N.S. 1967. The winter bioenergetics of a beaver population in northern 
latitudes. “Can. J;9Zoo0le452°1107=1 178. 


Nudds, T.D. 1980. Forage “preference”: theoretical considerations of diet selection by 
deer. J. Wildl. Manage. 44: 735-740. 


Oldemeyer, J.L., A.W. Franzmann, A.L. Brundage, P.D. Arneson, and A. Flynn. 1977. 
Browse quality and the Kenai moose population. J. Wildl. Manage. 41: 533-542. 


Payne, N.F. 1981. Accuracy of aerial censusing for beaver colonies in Newfoundland. J. 
Wildl. Manage. 45: 1014-1016. 


Payne, N.F. 1982. Colony size, age, and sex structure of Newfoundland beaver. J. 
Wildl. Manage. 46: 655-661. 


Pearson, A.M. 1960. A study of the growth and reproduction of the beaver (Castor 
canadensis Kuhl) correlated with the quality and quantity of some habitat factors. 
M.Sc. Thesis, Univ. of British Columbia. 103 pp. 


Peek, J.M,., D.L. Urich, and R.J. Mackie. 1976. Moose habitat selection and relation- 
ships to forest management in northeastern Minnesota. Wildl. Monog. No. 48. 65 


PP. 


Pinkowski, B. 1983. Foraging behavior of beavers (Castor canadens/s) in North Dakota. 
J. Mammal. 64: 312-314. 


Radwan, M.A. and G.L. Crouch. 1974. Plant characteristics related to feeding prefer- 
ence by black-tailed deer. J. Wildl. Manage. 38: 32-41. 


Rowe, J.S. 1972. Forest regions of Canada. Dept. of Envir., Can. For. Serv. Publ. 
Nay KS00 s1i7 2ippr 


Schwanke, R. and K. Baker. 1977. The beaver of Elk Island National Park. Resource 
Conservation, Parks Canada, Western Region. 125 pp. 


Shadle, A.R. 1954. Sizes of wood cuttings handled by beavers. Am. Midl. Nat. 52: 
510-52: 


Shadle, A.R., A.M. Nauth, E.C. Gese, and T.S. Austin. 1943. Comparison of six beaver 
colonies in Allegany State Park, New York. J. Mammal. 24: 32-39. 


4. Momienudtaei ri eanclos vaveed 2F lade, font Waters ia ane 


 Vevged Hnalorwatwalt bo stutouve al “ae sue | 


7 
< 


— 
woe téyeed. stir bo nodhdboiges One Ane ios o 
peice Srije ro WiitneiA. one isup au on 7 
q aidenylod ek ; 7 
hi : 7 —s- 
=roieley Big peutisize tapi eso SB! fbasiv ath Waitt ¢ NOR geet 
eo 2h on poe bi GasNGIM NIgIcESION BF iuSenSyRr - # | aa 


s2648G Aino!"  iRi2ASsees (98s) 2eve|d To tolverled Seve Teioigl Vi 
¢ 


~«aisiny gribest oF bataia scitenstgew isan. bret tare cine, gawd 
to2 38 aoe ibaW -.. ..9sb bint 


dwt. wee. 2049 sd sivas ta xe: ihe” fe arbios* ce bret tient S 


sxwogsh 69 lenge’) orale! wid to eves SAT VTE! weds 
aq SST nGigaA metssW" sbsrs? <6 Ft 


SB ta Ibi mA. eeveed yd belbned epaine bodw to-2asia Sage 
NVEOS Ke 70 NOZNAQMOD —EbE! Hie 2 Toes Seep a ae) 
CE-SE obs james . | sO¥ wall arene aah ; 


72 


Short, H.L. 1966. Effects of cellulose levels on the apparent digestibility of feeds eaten 
by mule deer. J. Wildl. Manage. 30: 163-167. 


Sinclair, A.R.E., C.J. Krebs, and J.N.M. Smith. 1982. Diet quality and food limitation in 
herbivores: the case of the snowshoe hare. Can. J. Zool. 60: 889-897. 


Slough, B.G. 1978. Beaver food cache utilization and structure. J. Wildl. Manage. 42: 
644-646. 


Slough, B.G. and R.M.F.S. Sadleir. 1977. A land capability classification system for 
beaver (Castor canadensis Kuhl). Can. J. Zool. 55: 1324-1335. 


proses Oi and F.J. Rohlf. 1981. Biometry. W.H. Freeman and Co., San Francisco. 
D9 Dp: 


Stegeman, L.C. 1954. The production of aspen and its utilization by beaver on the 
Huntington Forest. J. Wildl. Manage. 18: 348-358. 


Stephenson, A.B. 1969. Temperatures within a beaver lodge in winter. J. Mammal. 50: 
134-136. 


Svendsen, G.E. 1980a. Seasonal change in feeding patterns of beaver in southeastern 
Ohio. J. Wildl. Manage. 44: 285-290. 


Svendsen, G.E. 1980b. Population parameters and colony composition of beaver (Castor 
canadensis) in southeast Ohio. Am. Midi. Nat. 104: 47-56. 


Swenson, J.E., S.J. Knapp, P.R. Martin, and T.C. Hinz. 1983. Reliability of aerial cache 
surveys to monitor beaver population trends on prairie rivers in Montana. J. Wildl. 
Manage. 47: 697-703. 


Telfer, E.S. and A. Cairns. 1978. Stem breakage by moose. J. Wildl. Manage. 42: 
639-642. 


Vangilder, L.D., O. Torgerson, and W.R. Porath. 1982. Factors influencing diet selec- 
tion by white-tailed deer. J. Wildl. Manage. 46: 711-718. 


Van Nostrand, F.C. and A.B. Stephenson. 1964. Age determination for beavers by tooth 
development. J. Wildl. Manage. 28: 430-434. 


Westoby, M. 1978. What are the biological bases of varied diets? Am. Nat. 112: 
S27.O510 


Wigley, T.B., T.H. Roberts, and D.H. Arner. 1983. Reproductive characteristics of 
beaver in Mississippi. J. Wildl. Manage. 47: 1172-1177. 


52 ayaran IBEW A, sic ni 


72 


mate Weasid. bon) A TVEL. Os exe 
™ Sore pede © laos 1d" me Meer. 7 


.oddionnyt m2. oD ona neon HW var * ‘Tagh,. UA ii] ae + A lod ; 


aft ng ™avesd vo nonasililu * ts regen 0 Heb So beth adh PaRe oon at Augean ¥ 
Gf Ai lac va : 

Ne Jerre .. siniw o agbel wvied 5 rita chicane OGG! “steer 

nafeseiihiog f. tuvaad to érnetteq. pribest av egcintio lanoess2 .s080), 20: as 

eo e. fs APS HAG ‘he. wpamaie At Ltt 

sotto) 1s0seq To Haviesgmoy yrolds bnetheratresea Ppa ic oe a2 2 vein’ 

agian a) tot» me Bist etataee 
atioaa sites 10 Wilicislish “EBEr sal OT ore eM wi A2 SL agniwe 7 
Jew. “(saaineM Aisa? siiikie fo sore? notsniged von aren ot eyevae. 


Oo. See Se aaerit 
Sh apsbeM AbIW LL. .ceSomn Vd apeegerd ome Btel,anitbe Aint: 6.4. eileT 7 
heat 


“gelae 12> onianaul ti nea’ Saet wteae’ AN ‘it toon? < Aas: Peel 
fr U Oh spans! tli” .. wal) paligt-eiiia yt 


phen yd ereveed 10? cotenriense ee 2 2460 24 ‘foneweovt aa. 
OES: ‘se deere ra Jpikv L dengefeveb "e 


Ss 
St? aa WA Sttet boteyv to asedd lecigoioidt aft ain teivy STE? se el 


mere te A al aa na 


73 


Yeager, L.E. and W.H. Rutherford. 1957. An ecological basis for beaver management in 
the Rocky Mountain region. North Am. Wildl. Conf. 22: 269-298 


4 


Tatty 


ear aT He 
ay 8 eehy fi 
ride A 

Harb dea fever 
inthe ogre 


4 Spend 


